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ABSTRACT

Two types of aerodynamically compensated pitot-static tubes were investigated to
find a design suitable for flight testing on the XB-70 aircraft. First configurations,
contoured-nose type, utilized compensated subsonic static pressure ports located on
the rear portion of an ogival nose and uncompensated supersonic static ports located
aft on the cylindrical portion of the tube. A Mach switch is normally needed to switch
from the subsonic port to the supersonic ports as sonic conditions are reached at the
compensated static ports. However, a specific design was developed and tested which
exhibited very small supersonic pressure errors at the compensated static ports located
on the contoured-nose. Second configurations, contoured-afterbody type, used a gentle
downward sloping curvature located immediately aft of the compensated static ports.
The same static ports may be used for both subsonic and supersonic flight, eliminating

the need for a Mach switch.

Both theoretical analysis and wind tunnel experiments were used to determine
subsonic and supersonic performance of a number of models of each of the two types.
The level of aerodynamic compensation, compatible with XB-70 pressure errors, was
generally predicted with good accuracy using theoretical methods. Emperical results
were used to determine the static pressure effect due to cutting off the tip of the con-
tour-nose units to form a pitot opening and to determine angle of attack influences for

the static ports on both types.
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Two units of the contoured-afterbody type, designated REC Model 855D, were
furnished to the Air Force for flight test evaluation on the XB-70.
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RTD-TDR-63-/,085 SECTION 1
INTRODUCTION

Subsonic, transonic and supersonic static and total pressure measurements are
usually obtained during aircraft {light by means of a pitot-static tube extending for-
ward of the aircraft's nosc. The main advantage of this location is that supcrsonically
the pitot and static prcssure sensing ports are ahead of the bow shock wave of the air-
craft and are isolated from the distribution of pressuie around the aircraft. Sub-
sonically, however, the aircraft's flow field is propagated forward such that pressure
scnsed at the static ports is greater than the true ambient valuc. The pressure
diffcrence is usually called the position error and in order to arrive at truc static
pressures it is nccessary to apply a position corrcction. The position crror can be
reduced by placing a body, an aerodynamic compensator, in the flow ficld such as to
induce a pressure correction approximately equal to and of oppositc sign to the position
crror induced by the fuselage. The aerodynamic compensator forms an integral part
of an aerodynamically compensatcd pitot-static tube and generally has the form of a
gently sloping contour before, aft, or around the static pressure port location.

Two types of compensated pitot-static tubes have bcen investigated undcer this
contract The first type incorporates a design previously investigated by NASA,
Reference 1, and has subsonic static ports located on the rear portion of an ogive
nose of the tube. The forward tip of the ogive is eliminated to form a pitot opening.
The tube has two sets of static ports: a compensated set for subsonic flight and an
uncompensated set located back on the cylindrical portion of the tubc for supcrsonic
flight A Mach switch is needed to switch from the subsonic set to the supersonic set
as sonic conditions are reached at the compensated static ports. The possibility of
using the forward set of ports for both subsonic and supersonic flight, thus eliminating
the nced for a Mach switch, was also investigated.

The sccond design investigated for application to the XB-70 Aircraft, REC Model

855D*% uses a gentle downward sloping curvature located immediately aft of thc static

* Patent Pending

Manuscript released by the authors October 1952 for public:tion ag an RTD
Technical Documentary Report.

=




pressure ports. The Model 855D utilizes only one set of static ports for both subsonic
and supersonic flight. The subsonic pressure will be compensated but during super-
sonic flight the compensating shape will be isolated from the static ports, thus giving
no correction. With this design there is no need for a Mach switeh.

Because the position correction needed for the XB-70 has not been determined by
flight data. it has been estimated using analytical methods and available experimental
data. The predicted values were then checked against wind tunnel data obtained for
pressure distribution ahcad of a scale madel of the XB-70

The work developed under this contract was supported by the Directorate of
Operational Support Enginecring. Flight Vehiele Division, Flight Control Branch

of the Aeronautical Systems Division.




SECTION 2

PREDICTION OF PRESSURE FIELD AHEAD OF AIRCRAFT

2.1. THEORETICAL PREDICTION.

The static pressure crror ahead of the XB-70 was computcd using both analytical
and emperical relationships for zero degrecs angle of attack. The crror at low Mach
numbers was determined as a function of distance ahead of the aircraft using the wcll
krown linearizcd slender-body theory, e.g., References 2 and 3. For this computa-
tion, cvquivalent cross sectional areas werc determincd for numerous fuselage stations
over the first 40 fcet of the fuselage. Two areas were obtained for cach station, one
above the centerline of thc nose boom and the othcr below, and equivalent radii for
each area were plotted as a function of distance aft of the fuselage-nose boom inter-
section. The mean slope of the fuselage and equivalent radii were then found for small
intervals of Ax over the first 40 feet of fuselage. By placing thesc values in the sub-
sonic slender-body theory differential equation and integrating numerically, the static
precssurc error as a function of distance ahead of the fuselage was found. The error
for a true Mach number of 0.4 is shown on Figure 1. The canards and wing platform
as well as the portion of fuselage beyond 40 fcet from the nose of the XB-70 werc not
taken into account in the prediction shown on Figure 1 because their remoteness from
the nose of the aircraft insurcs negligible effects on the prcssure distribution ahead
of the aircraft when compared with the influence of the forward portion of the fuselage.

A verification of the proccdure used to compute the errors shown on Figure 1
was obtained by predicting the pressure distribution ahead of a slender-nose transonic
aircraft modcl for which pressure distribution had been determined thru wind tunnel
tests, Refercnce 1. Only the forward ogive section of the model, shown on Figure
10(a) of Refcrence 1, was used in the analysis. A comparison between pressure
distribution computed from the exact nose shape of the model and the distribution
found experimentally are shown on Figure 2A for M= 0.4. The two agrec well

within the probable absolute accuracy of the wind tunnel.




Use of slender-body theory for predicting position error was also established in
an early report, Reference 4. Experimental results for pressure error ahead of
various fuselage shapes were found to be in good agreement with slender body theory
at low Mach number.

2.2. COMPRESSIBILITY INFLUENCE:

Because subsonic slender-body theory becomes invalid when local sonic flow con-
ditions are reached on the surface of the fuselage, emperical relationships were used
to extend the low subsonic error shown on Figure 1 to the Mach number at which the
bow shock wave passes downstream of specific locations ahead of the aircraft. It has
been established experimentally, Refcrence 4, that pressure error ahead of a slender
body in terms of AP/qC, where q, is compressible dynamic pressure, is essentially
constant for true Mach numbers up to the point where local sonic flow is reached on
the body. Using the constant AP/qC assumption and experimental transonic results
for pressure error ahead of the slender aircraft model oi Reference 1, a ratio of
pressurce coefficients vs. Mach number was formulated. Results are shown on
Figure 2(B) for two XB-70 nose boom lengths: The standard nose boom where the
static ports of the pitot-static tube would be located approximately 3 feet ahead of
the aircraft and the extended nose boom used on the first {light test aircraft where
the static pressure ports would be located approximately 6 feet ahead of the aircraft.
The emperical relationship shown on Figure 2(B) is presented as ratios of pressure
cocfficients using the experimental values at Mm = 0.4 as a base.

The computed values for pressure coefficient ahead of the aircraft at M= 0.4,
Figurc 1. and the emperical compressibility relationship, Figure 2(B), were used to
compule static pressure crror for a number of nose boom lengths which cover the
arca of interest for possible location of static ports. The REC estimated errors
are shown on Figure 3 in terms of indicated compressible dynamic pressure as a
function of indicated Mach number. An earlier estimate of pressure errors ahead
of the XB-70, Figurc 4. had been made by North American Aviation in their original

Equipment Procurcment Specification Report, No. NA5-76123. This estimate did




not take into account the exact shape of the aircraft's nose. Because there was a
significant difference between the REC computed values, Figure 3, and those esti-
mated by North American, Figure 4, the pressure errors cstimated by REC are
used in the remainder of this report. The REC prediction of pressure crror is
presented on Figure 5 in terms of (Pi -P) /Pi as a function of indicated Mach
number. Because indicated pressure and Mach number arce the direct parameters
measured in wind tunnels when testing compensated pitot-static tubes, all wind
tunnel data presented in the following sections are shown in this parameter.

Each static pressurc port location ahead of the aircraft will have a specific
indicated Mach number and corresponding pressure error for which the bow shock
wave passes downstream of the ports. At this value the position errors, (Pi = Pm)/Pi,
will drop abruptly to zero and the indicated Mach number felt at the static ports will
become true Mach number. The transition region is illustrated by dotted lines on
Figure 5 Assuming negligible thickness ol the bow shock wave, position errors
and indicated Mach numbers in this transition region will not be felt at the static
pressure ports. Indicated Mach number as a function of true Mach number for the
REC estim...c of position error is presented on Figure 6 for the same distance ahead
of the aircraft shown on Figure 5.

2.3. WIND TUNNEL VERIFICATION.

Experimental pressure distribution ahead of a 1/36 scale model ol the XB-70
Aircraft was obtained in the NASA 8-foot Transonic Wind Tunnel at Langley Field,
Virginia. Data for two locations ahead of the aircralft, x = 60.951 inches and x - 80.302
inches. are shown on Figures TA and 7TB. Superimposed on these figures are REC pre-
dicted values for the same locations. There is very good agreement between the
predicted pressure errors and experimental data.

Compen§ated static ports on the Model 855D, to be used on the first flight test
aircraft, will be located at x = 71.291 inches ahead of the aircraft. Predicted static
pressure error at this location, Figure 7C, agree very well with the average of the
wind tunnel data given on Figures 7TA and 7B. The exact distance, x = 71.291 inches,
is approximately midway between the wind tunnel data locations, (60.951 + 80.302)/2 =

70.627 inches. Averaging the data should be a realistic approximation because the

-5-




pressure distribution, as shown on Figure 1, is nearly lincar with x between these two

locations.




SECTION 3

WIND TUNNEL TEST PROGRAM

3.1. WIND TUNNEL FACILITIES.

Five wind tunnel facilities were used to verify performance characteristics of
compensated pitot-static tubes developed under this contract. General description
for each of the wind tunnels are included in the following paragraphs.

3.1.1. Langley 8-Foot Transonic Tunnel.

The Langley 8-Foot Transonic Tunnel, located at the NASA Langley Research
Center, Langley Field, Virginia, was used to obtain data for threc pitot-static tube
models over a Mach number range from 0.4 to 1.2. Detailed characteristics of the
facility are given in Reference 5 and a gencral description is included in Reference
6. The tunnel has a 1/9-open slotted test section approximately 8 feet in diameter.
During the test program the stagnation pressurc was about 2120 1b/ ftz, the average
tunnel total temperature was 120° F, and the Reynold's Number per foot varied from
about 2.5 x 106 at M=0.4to4x 106 at M = 1.2, Altitude simulation ranged from
approximately 3000 feet at M = 0.4 to 22, 500 feet at M = 1. 2.

Static pressure measurements were referenced to the pressure in the plenum
chamber surrounding the test section. Because plenum pressurcs were ncarly
identical to the free-stream static pressures and pressure fluctuations in the test
scction were small, Refercnce 5, plenum pressure was assumed equal to frec-
stream static pressure and corrections for {low irregularitics were not applied.
Repeatability of measurements has been estimated, Refercnces 1 and 5, at AM T +0.003
subsonically and supersonically in shock-frec flow. This corresponds to static
pressure variations ranging from AP/P = +0.0016 at M = 0.4 to + 0.0027 at M = 1.0.
However, boundary-reflected disturbances could decrease supersonic accuracies to
AM greater than + 0.04 or values of AP/P near + 0.005.

Pressure variations of AP/P = + 0. 005 represent pressure-altitude errors of

approximately + 100 feet in the stratosphere and indicates the approximate upper




limit of usefulness of subsonic wind tunnel data. The exact pressure-altitude errors
assuming standard atmospheric conditions are shown on Figure 8A. A comparison

chart, Figure 8B, gives the corresponding compressible pressure coefficient 2rrors
and Mach number errors as a function of Mach number for a constant static pressure

error of AP/P = 0.005.
3.1.2. Langley 4 x 4 Foot Supersonic Tunnel,

This wind tunnel is also located at the NASA Langley Research Center. A general
description of the facility is included in Reference 6. The test section is 54 inches wide
with fixed side walls, and the upper and lower walls are adjustable so that the height
will vary from approximately 51 to 64 inches. Four pitot-static tube models were
tested in the facility at a free stream Mach number of approximately 2.2. Total tem-

perature was about 100° F. Two settings of stagnation pressure, PO = 1058 lb/ft2

2
and 720 Ib/f{t”, were used for altitude simulation of 63, 000 and 78, 000 feet, respectively.

Although a calibration check of the tunnel was made during the test period using a one
inch diameter static pressure survey tube which extended into the nozzle of the tunnel,
the accuracy of the data remained questionable. A new survey apparatus has been
fabricated and a second check of the flow characteristics in the tunnel will be made.
For this reason data obtained in the 4-foot supersonic tunnel has not been included in

this report.

3.1.3. AEDC One Foot Transonic Model Tunnel.

The AEDC One Foot Transonic Model Tunnel, located at the Propulsion Wind
Tunnel Facility of the Arnold Engineering Development Center, Tennessee, was used
to obtain data for seven compensated pitot-static tube designs and two wind tunnel survey
models over a Mach number range from 0.55 to 1. 5. A detailed description of the
facility and its operating parameters are given in References 7 and 8. Descriptions of
tests run at this facility and presentation of the data obtained are reported in References
9 and 10.

The Transonic Model Tunnel is a continuous-flow, open-circuit wind tunnel. The
test section is comprised of four perforated walls forming a test scction 12 x 12 inches

in cross section and 37.5 inches in length. The tunnel was operated at stagnation
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pressures from 2800 to 2900 lb/ ft2 and the stagnation temperature varied from 125
to 200° F. Reynold's Number per foot ranged from 3.8 x 1()G to 5.5 x 106. Simulated
pressure altitude varied from about -2, 100 feet at M = 0.55 to 24, 800 fcet at M = 1. 5.
Pressure measurements were references to the pressure in the plenum chamber
surrounding the test section. Because the plenum pressure varied considerably from
the average free stream static pressure in the tunnel, calibration f[actors obtained
from a static pressurc centerline survey were used to relate the data obtained to free
stream eonditions. Two additional survey models werc used to detect local flow
irregularities at the exact test section loeation of static ports on the eompensated
pitot-static tubes tested. The cumulative error of flow variations, pressure measure-
ments, and any random errors was cstimated in Reference 9 and 10 af approximately

AP/P = £ 0.005 subsonically. Significant wind-tunnel wall interference errors were

present supersonically and consequently the cumulative static pressure crrors were
belicved to generally exceed AP/ P - +0.005 throughout the supersonic range.

3.1.4. AEDC E-I Supersonic Wind Tunnel.

The E-I tunnel. located at the Von Karman Gas Dynamics [Facility, Arnold
Lngineering Development Center, Tennessce, is an intermittent supersonic wind
tunnel with a 12" x 12" test section and a flexible plate nozzle. A detailed description
of the facility is given in References 8 and 11. Five compensated pitot-static tube
designs and two wind tunnel survey models were tested at Mach numbers of 1.45, 2.0,
2.5. 3.0. and 4.0. During the test program total tempcerature was in the range from
490° R to 540° R and stilling chamber total pressures were about 2260 psf. at M = 1.45,
1843.2 psf. at M = 2.0, 4050 psf. at M = 2.5, and 8640 pst. at M - 3.0 and M = 4. 0.
Corresponding altitude simulations are about 29,000 [t. at M = 1.45, and about 50, 000
feet forr M = 2.0, 2 5. and 3.0, and about 80, 000 feet at M = 4.0. Reynold's number
per inch was 0,4 x 106 at M =1.45. 0.3 x 106 at M=2.0, 0.5x 106 at M - 2.5,

0.8 x 106 at M =3.0, and .5 x 106 at M = 4.0.
The mean repeatability of data, including instrumentation calibration uncertain-

ties, system accuracies, and random errors, was estimated in Reference 11 at



AM ¥ £0.002. All static pressure measurements obtained for the models were
referenced to a flush wall tap on the sidewall of the tunnel located upstream of the
nose of the models. Survey models with static ports at the same tunnel locations

as the static ports on the compensated pitot-static tube models were used to correct
the pressure sensed at the flush wall tap to free stream values. Total accuracies of
the measurements should therefore be less than AM = + 0.004. This will result in
static pressure errors of about AP/P = + 0.0044 provided there is no reflected wall
interference.

3.1.5. REC Transonic Wind Tunnel.

The Rosemount Engineering Company transonic wind tunnel has a 3. 6 inch by 17
inch test section that is 27 inches long. It utilizes local atmospheric conditions for
total temperature and total pressure. The facility is described in detail in Reference
12. Although the REC tunnel is too small to ~btain accurate measurements of absolute
values of pressure compensation provided by a full scale compensated pitot-static tube,
useful results were obtained for sensitivity to angle of attack of various static port
locations and for the cffect of placing a pitot opening on contoured nose design com-
pensated pitot-static tubes. Data was obtained using a pressure difference method
whereby differential pressures were measured with respect to pressure sensed at a
flush wall tap located in the test section at a position remote from the model tested.
By taking the differences in (static port pressure minus flush tap pressure) as the
shape of the tube or location of the static ports are modified slightly, reliable data
was obtained.

Data obtained was in the Mach number range from 0.3 to 0.7. Accuracy of
individual static pressure measurements is within about + 0.2 lb/ft2 A limited
amount of re-run data obtained for tests run at M = 0. 5 utilizing the pressure differ-
ential technique indicated repeatability accuracy within AP/ P = + 0.0005.

3.2. WIND TUNNEL MODELS.

Thirteen wind tunnel models were fabricated and tested to verify performance

characteristics of the two types of compensated pitot-static tubes developed for the

XB-70 Aircraft. Four of the models incorporated the contoured-nose method of

-10-




acrodynamic compensation. They are designated in this report as the Type C Models.
Seven of the models tested used the contoured-afterbody method of compensation and
are referred to as the Type D Models. The remaining two models were survey models
used to detcrmine flow characteristics of the AEDC transonic and supersonic wind
tunnel facilities.

3.2.1. Type C Wind Tunnel Models.

Dimensions and details of the four contoured-nose wind tunnel models are shown
on Figurc 9. Mounting dimensions represent those nceded [or connection to the nose
boom of the XB-70 and were the same for all four models. A number of other
dimensions including the overall length and pitot opening configuration were also
common [or the four models. Dimensions which varied are labeled A thru G and
specific values [or these dimensions on each model are given in tabular form on
Figure 9. Nose coordinates for the models are also listed in tabular form. The
coordinate " Y" is the radius of the nose at a distance "X" aft of the pitot opening.

The subsonic compensated static ports are referred to as the S1 ports and arc
located on the contoured-nose portion of the Type C models. The angular location
of the static ports, Dimensions F and G on Figure 9, were varied to obtain optimum
subsonic and supersonic angle of attack performance. Two intcrconnected sets of
supersonic static ports, designated 82 ports, are located on the center portion of the
Type C Models. On three of the models they were placed on a slight 0.5 degree taper.
The S2 ports are uncompensated subsonically, but give a true indication of static
pressurc supersonically. Because of the large supersonic errors normally present
at the S1 ports. a Mach switch would be nceded to switch from the compensated Sl
ports to the supersonic S2 ports as sonic conditions are rcached. However, in this
report, suitable design of the Sl ports to provide true supersonic static pressure
while retaining a desired level of subsonic compensation is also discussed. A third
set of static ports, the 83 ports, was placed on Model C-98. They sensed essentially
the same pressures as the S2 ports and would be used as a reference pressure for

flight test evaluation.
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3.2.2. Type D Wind Tunnel Models.

External configurations for the seven contoured-afterbody models are given on
Figure 10. Mounting dimensions for the Type D models were identical to those used
on the Type C models. Each of the "D" models had an overall length of 17. 685 inches.
The pitot nose configuration was identical for all seven models. A single set of static
ports, designated Sl/S2 ports, was used for both subsonic and supersonic flight. They
are located on a slight taper which extends forward to the pitot nose. The compensating
afterbody contour starts 0.062 inches aft of the Sl/ 82 ports. Coordinates of the con-
tours used for the various models are given on Figure 10 in terms of radius " Y" of
the tube as a function of distance " X" aft of the centerline through the Sl/ S:2 ports.
Subsonic compensation at the Sl/ S2 ports is achieved by the negative pressure induced
by the contoured afterbody. Supersonically, the pressure effects of the afterbody con-
tours are isolated from the Sl/SZ ports enabling them to sense true static pressure.

On five of the models a second set of static ports, 83 ports, was located one inch
ahead of the Sl/S2 ports. The S3 ports are relatively remote from the afterbody
contour and were designed to sense the indicated, or uncompensated, static pressure
al{ead of the aircraft subsonically and true static pressure supersonically. The S3
ports will be used as a reference for flight test evaluation. Angular displacement of
the Sl/S2 ports and 83 ports, dimensions G and H on Figure 10, were varied to obtain
optimum subsonic and supersonic angle of attack performance.

3.2.3. Wind Tunnel Survey Models.

Dimensions for the two survey models used in the test program are shown on
Figure 11. The short survey model, Model S-104, had the same overall length, pitot
nose configuration, and rear adapter dimensions as the Type D models. Location of
the 82 ports on the S-104 correspond to the Sl/SZ port location on all the Type D models
with the exception of Model D-40 which had its Sl/ 82 ports located at the S3 location on
Model S-104. The short survey model was used primarily to determine the pressure
effects of the pitot nose and rear adapter section on the Type D models.

The long survey model, Model S-139, had four sets of static ports. Location of

the Sl set corresponds to the Sl ports on Model C-134. The 82 and S3 locations

~-12-~




correspond to the S3 and Sl/SZ port locations, respectively, on all the type D models
with the exception of those on Model D-40. The recar S4 ports on Survey Model 3-139
are in the same position as the midpoint of the supersonic 3, ports on the Type C
models. The nose cone of the Model S-139 was extended far upstream of the static
ports to eliminate any pressure effects of the nose. The long survey model was used
to calibrate static pressure in both the transonic and supersonic tunncls at AEDC at
the exact static port location on the Type C and D Models.

Wind tunnel adapters used in the various facilities incorporated the forward
mounting dimensions of the XB-70 nosc boom. The forward portion of the adapters
is shown on Figure 11. Taree different adapters used in the test program; onc cach
for the Langley 8-Foot Transonic Tunnel, the Langley 4-Foot Supersonic Tunnel. and
the AEDC Transonic and Supersonic Tunnels. The 1.872 inch maximum dismeter was
maintained for each, but the length of the adapters was varied to place static ports on

the various models near the angle-of-attack center of rotation of the tunncls.

3.2.4. Dimensional Accuracies of Wind Tunnel Models.

Static pressure rcpeatability of compensated pitot-static tubes require extremely
close machining tolerances, especially in the vicinity of the static pressure ports. All
wind tunnel models tested were carefully checked to assure conlormity to all the design
dimensions specified for the models. Because of the immediate proximity of the com-
pensating contours on the Type C and D Models to the compensating static ports,
dimensional deviations of the contours from their designed shapes were closcly
measured and pressure errors caused by any deviations werce analyzed.  Results of
the analysis are shown on Figure 12 for the Type C Models and on Figure 13 lor the
Type D Models. Because of the difficulty in accurately measuring the curvature of
the compensating contours, an optical comparator was used and some of the tubes
were rechecked one or more times to obtain reliable measurements. The approximate
repeatability accuracy of measurements was + 0.0005 inches. Deviation of actual radii
from design radii for the compensating contours are shown on Figures 12(A) and 13(A).

Using linearized small-perturbation theory, these deviations were used to compute the
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approximate static pressure errors induced by the dimensional variations. The
pressure errors are shown on Figures 12(B) and 13(B). For the majority of the
models the computed static pressure errors were less than £ 0. 002 which is well
within the absolute accuracy of wind tunnel data.

3.3. WIND TUNNEL RESULTS FOR SURVEY MODELS S-104 AND S-139.

3.3.1. Subsonic Performance of Survey Models.

Survey Models 3-104 and S-139 were used to locate secondary flow irregularitics
in the AEDC One Foot Transonic Model Tunnel at the exact tunnel locations of static
ports on the various Type "C" and " D" compensated pitot-static tubes. They were
also used to check the accuracy of determining absolute magnitude of free stream
static pressure in the tunnel. As mentioned in the general description of the tunnel,
Section 3. 1.3, static pressure measurements were referenced to pressure in the
plenum chamber surrounding the test section. Because plenum pressure varied
considerably from the average free stream static pressure. calibration factors
obtained from centerline surveys were used to relate the data obtained to irce stream
conditions. A simple calibration factor at each Mach number was used to cover the
test section length in which the pressure ports of the test models were located.
Secondary pressures fluctuation from the calibrated value at particular locations
of static ports were not taken into account in data reduction. Examples of centerline
surveys conducted in the tunnel and a description of the survey apparatus used are
given in Reference 7.

Two series of tests were run in the tunnel. Because the test section was modified
slightly between tests, different calibration factors were used in determining free
stream conditions for the two tests. The short survey tube, Model S-104, was used
to check calibration of the first test series. Results arc shown on Figures 14(A) and
14(B). Data obtained for the long survey tube, Model 5~139, run during the second
test series, is shown on Figures 15(A) and 15(B). Because of the limiting size of the
tunnel, reflected disturbances in the tunnel produced erratic and erroneous data at the
supersonic test Mach numbers of 1.05, 1.1, 1.2 and 1.5. For this reason supersonic

data has not been shown on Figures 14 and 15.
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Over the subsonic Mach number range pressure influences of both the nose and
rcar adapter sections on the survey models are felt at the statie ports. The pitot nose
of Model 3-104 or the nose cone on Model 3-139 will induce a negative pressure effeet
at the static ports and the aft taper on the models together with the wind tunnel adapter
will induce a positive pressure effcet. As the port location is moved aft on the models,
the nose cffect will decrease and the rear taper and adapter effect will become more
dominant resulting in a net increase in static pressure as the ports are moved aft.
Data on Figure 14(A) for the short survey model shows the sensed pressure, Ps' at
the three port locations was less than free stream pressure, Pi’ indicating a pre-
dominancc of nose cffect. There is a fair amount of data scatter and the expected
increasing pressure cffect with increasing distance from the pitot nose is not demon-
strated. Data for the long survey model, Figurce 15(A), obtained during the sccond
test scries and using a diffcerent tunnel calibration does show an increase in pressure
with decreasing distance to the aft taper, i.c., [rom the Sl ports to the 54 ports The
pressure difference, (PS - Pi)/Pi’ at corresponding port locations, .3‘2 ports on 5-104
and 3. ports on S-139. is also more positive for Model 5-139 which is to be expected
because of thie extended nose cone on Model 5-139. Pressure differences at the 53
ports on Model S-139 agrees well with the calculated influence of the rear taper and
wind tunnel adapter as will be discussed in Section 5.1. Howevcer, the negative
influence of the pitot nose on Model 3-104 was not believed to be as large as indicated
by Figurc 14(A). Although pressure influence of the pitot nose cannot be calculated
accurately. based on previous wind tunnel data, compiled in Refercence 13, it is believed
that the pressure felt at all the static port locations on both models should be slightly
positive compared to free stream static pressure, i.c., the influence of the nose will
be smaller than the influence ol the rear taper and wind tunnel adapter. Deviations
from this assumption for the three static port locations on Model 5-104, Figure 14(A).
and the Sl port location on Model 3-139, Figure 15(A), could therefore be secondary
calibration factors to be applied to data taken for the types " C'" and " D" pitot-static
tube models tested. However, beecause of uncertainty in the absolute magnitude of the

correction, due primarily to limitations in accuracies of the wind tunnel data, and
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because the deviations are not large, corrections were not applied to data shown in
this rcport for the type C and D models.

Angle of attack performance of static ports on survey models 5-104 and 5-139 are
shown on Figures 14(B) and 15(B), respectively. Static ports on the long survey model
5-139 exhibited no large deviations with angles of attack. However, ports on the short
survey modcl showed a definite decreasc in sensed pressure with increasing angle of
attack. Becausc the static ports on both models arc placed at the angular location of
+ 36°, their angle of attack trends should be identical. The negativc pressurc trend
for ports on 3-104 could be duc to closeness of the pitot nose, although random deviations
between data at the three distances from the nose, i.e., locations of the Sl' 52. and 33
ports. indicate that data accuracy limitations form a sizable portion of the angle of attack

variation.

3.3.2. 3Supcrsonic Performance of Survey Models.

The long wind tunnel survey tube, Model S-139, was used to find the true static
pressure level for the test scerics run in the AEDC E-I Supersonic Wind Tunnel. As
shown on Figure 11, the Model 5-139 nose was moved far upstream, 12.8 diamecters
from the closest sct of static ports, to eliminate nose interference at the static ports.
Supersonic data for Model 5-139 is given on Figure 16. The data is presented in terms
of (PS - PW)/PW where PS is pressure sensed by the static ports and Pw is the pressurc
sensed by a flush wind tunnel wall tap. For the survey modcl PS corresponds to free
stream static pressurc, PCD . During the two test series in the E-I Tunnel, pressures
sensed by the static ports on each of the compensated pitot-static tubes, Models " C"
and " D", werc measured with respect to thc same wall tap. Pressure differentials,

P - Pw’ sensed by the appropriate static ports on survey Model S-139 at a = 0 were
then subtracted from pressure differentials with respect to the wall tap sensed by static
ports on the other models to obtain prcssure deviation from free strcam static, PS - Pw.
Because static ports on the survey model are expected to have a small angle of attack
variation of thecir own with the same trend and magnitude as shown on Figure 16, flow
irregularities off the tunnel centerline appear small and no attempt was made to correct

for residual variations in the angle of attack data for the other test models.
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Schlieren photographs taken during the tests showed that the Model 5-139 bow
shock waves reflected from the tunnel walls intersected the model far downstream
of the static ports for each Mach number with the exception of M = 1.45 where the
reflections intersected the model in the vicinity of the 82 and S3 ports. Pressure
variations at M = 1. 45, Figure 16(A), show especially large deviations at the 53 ports
both at @ = 0° and at angles of attack. To obtain an indication of free stream static
pressure at M = 1. 45 for the SZ’ SB' and S4 port locations, a previous wind tunnel
centerline survey, Reference 11, was used. Static pressure sensed by the S1 ports,
located upstream of the reflections, was considered true and deviations in centerline
Mach number for the other three sets of ports were found. Corrected pressure levels
for the SZ’ SB, and S4 ports at a = 0° are given in Table I. These corrected values

of (Ps - Pw)/PW at M = 1. 45 were used to correlate sensed pressure for the other

test models to free stream conditions.

TABLE I

Corrected Pressures at Static Ports
on Survey Model S-139
For Zero Degrees Angle of Attack
and Mach Number of 1.45

(Ps - Pw)/Pw
Static Port First Test Series Second Test Series
S1 -0.0488* -0.0508*
82 -0.0589 -0.0609
S3 -0.0623 -0. 0643
S4 -0.0523 -0.0543

* Measured Data for Sl ports was used as a base.
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Data for Model 5-139 from both test series are shown on Iigure 16. Most test
conditions, Mach number and angle of attack combination, were repeated one or more
times for each test series. The connecting lines on Figure 16 show the average of all
data points at each test condition. Although the second test series wis run about 2-1/2
months alter the first series, agreement between the two is for the most part within
the estimated wind tunnel accuracy of AP/P = % 0.0044, {rom Section 3.1.4. The
average values of (PS - Pw)/Pw on Figure 16 for each test series were used to relate
to free stream conditions the pressures sensed by the other test models run during the
corresponding test series.

Supersonic static pressure errors for 52 ports on the short survey tube, Model

5-104, are shown on Figure 17. Absolute pressure errors for the S, and 83 ports are

1
not shown because corresponding locations, to enable determination of true static
pressure, were not available on the long survey tube 5-139. However, errors present
at the 82 ports are of special interest because their location is identical to that of the
Sl/ 52 ports on the Type "D" models. The pitot nose on Model S-104 is also identical
to that used on the Type "D" models. Pressure errors shown on Figure 17(A) would
therefore be the errors present on the Type "D" models if their forward tapers and
compensating afterbodies were omitted. Pressure errors at zero degrees angle of
attack for the 32 ports on Model S-104 are also presented in Table II. Converted to
compressible pressure coefficient, (Ps - Pm)/qc, these errors are indeed small as
shown on Table II.

TABLE II

Supersonic Static Pressure Errors of 82 Ports on Model 5-104

M, a4,/ P, (Psy =P )/ P (Ps, =P )/,
1.45 2.228 +0.0023 +0.0010
2.00 4. 641 - 0.0220 - 0.0047
2.50 7.526 - 0.0160 -0.0021
3.00 11. 061 - 0.0221 - 0.0020
4.00 20. 064 - 0.0487 - 0.0024
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Static pressure angle of attack variation of the S, ports on Model 5-104 shown
on Figure 17(B), are small and follow the same general trends that were observed
for the long survey Model, Figure 16, with the exception of data points at a = + 12°
for M_=3.0 and a =+ 8° for M = 4 0 However. the relatively large errors at
these two conditions are questionable and could be due to data errors rather than
errors inherent of the model itself. Static ports on both Models. 3-104 and S-139.

were located £ 36° from the ventral axis of the models.
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SECTION 4
CONTOURED-NOSE COMPENSATED PITOT-STATIC TUBES

4,1, DESIGN CONSIDERATIONS.

Four contoured-nose compensated pitot-static tube designs have been evaluated
both analytically and through wind tunnel experiments. The configurations are
designated Models C-38, C-39, C-98, and C-134. Specific dimensions and details
for each model are given on Figure 9. Each design has a set of compensated sub-
sonic static ports, Sl ports, located on the rear portion of an ogive nose of the tube.
The forward tip of the ogive is eliminated to form a pitot opening. A second set of
ports, Sz ports, located back on the cylindrical portion of the tubes, have no subsonic
compensation and are designed to give reliable supersonic performance. A third set
of ports, 33 ports, located near the supersonic ports were designed for use in {light
test evaluation of the units.

When the forward half of a body of revolution followed by a cylindrical section,
as in the case of the Type "C" models, is placed in an airstream, the air flow is
immediately decelerated at the tip of the body. Flow over the body is then uniformly
accelerated with distance from the tip to a point on the ogive where the velocity will
reach a maximum that is larger than free stream velocity. Aft of the point of maxi-
mum velocity the flow will uniformly decelerate to asymptotically reach free stream
conditions some distance back on the cylindrical portion of the body, provided no
further obstructions are present aft of the cylindrical portion. Flow velocity over
most of the rear portion of the ogive nose is actually substantially greater than
free stream velocity. The increase in velocity over the body in this region means
that static pressures on the surface of the body is less than free stream or true
stztic pressure. Magnitude of the decrease in pressure is dependent primarily on
location on the body and free stream Mach number. Aerodynamic compensation is
accomplished by placing static pressure sensing ports in this reduced pressure

region on the ogive npse. Subsonically, if a contoured-nose pitot-static tube is

-20-




placed ahead of an air vehicle like the XB-70 pressure in the vicinity of the nose of
the pitot-static tube. Pi' is higher than true static pressure Pw; explained in Section
2 where the pressure increase, Pl - PUD . or position error ahead of the XB-70 was
analyzed. By proper sclection of nose shape for the pitot-static tube and by placing
the static ports in a specific location on the tube. position error ahead of the vehicle
as a function of Mach number can be cancelled by the nose-induced negative pressure

at the static ports.

Supersonically, position error ahead of the vehicle becomes zero and it is desirable
for the static ports to sense true static pressure. However, for supersonic flow, induced
pressures on the ogive nose continue to vary with Mach number and distribution of
pressure with location on the nose changes from that observed subsonically Thercfore.
a location on the ogive nose that will give good subsonic compensation. could have a
large supersonic pressure error It is for this reason that the supersonic S2 ports
were placed on the Type "C" models. A Mach switch would be utilized to switch from
the subsonic ports on the nose to the supersonic ports as sonic conditions are rcached
However. the possibility was investigated of finding a specific nose configuration that
will give the desired level of subsonic negative pressure compensation and yet sensc
true static pressure from the Sl ports supersonically. Subsonic and Supersonic Wind

Tunnel tests on Model C-134, presented in Section 4 5, verify that such a configuration

is feasible.

4 1.1 Theoretical Predictions.

Before wind tunnel models of the four designs were tested the designs were analyzed
using well known linearized slender body theory. e g Reference 2 and 3 Theorectical
calculations were conducted using an LGP-30 digital computer at REC to predict the level
of subsonic aerodynamic compensation available and supersonic errors at the Sl ports
on the models. Influence of the rear body tapers and wind tunnel adapter were included
in the calculations Wind tunnel tests were conducted at REC to determine the influence
of eliminating the tip of the contoured-nose to form a pitot opening. Previous wind

tunnel tests performed by NASA on contoured-nose compensated pitot-static tubes.
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Reference 1, were also used for preliminary analysis of the designs. Curves showing
the original theorctical predictions are shown super-imposed on experimental data plots
presented [or the four modcls in the following sections.

4.2. SUBSONIC AND SUPERSONIC WIND TUNNEL EVALUATION OF Sl STATIC PORTS
ON MODELS C-38, C-39, and C-98.

Subsonic and supersonic performance of the Sl static ports on Contoured-Nosc
Compensated Pitot-Static Tube Models C-38, C-39, and C-98 as determincd through
wind tunnel tests are shown on Figures 18, 19, and 20 respectively. Models C-38 and
C-39 were the first models developed and were designed to compensate for position
errors ahead of the XB-70 when installed on the standard nose boom. Pressures sensed
by the S1 ports on Models C-38 and C-39 were expected to be in error supersonically
and the use of a Mach switch to switch from the subsonic Sl ports to the supersonic 32
ports was contemplated. Model C-38 was designed for small supersonic errors at the
3. ports under typical supersonic cruise conditions. Model C-39 was designed for
small supersonic errors at the S1 ports under transonic flow conditions enabling a
smooth transition when switching from the S1 to the S2 ports occurs.

Subsonic performance of the Sl ports on Modcl C-38 for zcro degrees angle of
attack is shown on Figure 18(A). Expcrimental data, obtained in the AEDC One Foot
Transonic Model Tunnel, agrees very well with the theoretical prediction for aero-
dynamic compensation. Supersonic performance, Figurc 18(B) also agrecs well with
theory up to the maximum test Mach number of 1.5. Predicted supersonic pressure
errors, extended to M = 3.0 on Figure 18(B), arc shown to pass through zcro at M -2z
and rcach a maximum of (PSl - PA)/POO= 40.08 at M_=3.0. Angle of attack perform-
ance of the S1 ports on Model C-38, Figure 18(C), shows a general increasc in sensed
pressure with increasing angle of attack over the Mach number range tested. The ports
were located at + 37-1/2° from the ventral centerline of the tube.

Subsonic and transonic data for the Sl ports on Model C-39, was obtained in the
Langley 8-Foot Transonio Tunnel. Experimental data at ¢ = 0°, Figure 19(A), was

more positive than predicted values for subsonic compensation by more than one
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percent at the higher subsonic Mach numbers  As shown on Figure 12, this was not due
to dimensional variations Transonic data to M_ = 1.2, Figure 19(B). was also more
positive than the predicted values. With reference to Figure 19(C) angle of attack per-
formance of the Sl ports on Model C-39, located at the same + 37-1/2° angular positions
as on Model C-38, showed an increase in sensed static pressure with increasing angle of
attack somewhat greater than shown for Model C-38

Although Models C-38 and C-39 were both manufactured at the same time and sent to
Langley Field for testing, Model C-38 had a plugged static line and only Model C-39 was
tested. Model C-38 was tested at a later date at AEDC. Because only the data for C-39
was originally available. it was assumcd that the level of subsonic compensation for the
Type "C" models was lower than the level predicted by theory. Using the difference
between the predicted compensation and experimental compensation shown on Figure
19(A) a new unit Model C-98. was designed to give the level of compensation originally
expected from the Model C-39 and needed for compensation of position error ahcad of
the XB-70 utilizing the standard nose boom Subsonic data for Model C-98 at a = 0°
from tests in the AEDC Transonic Tunnel is shown on Figure 20(A) Compensation
provided by the S1 ports was larger than expected based on the discrepancy in the Model
C-39 data explained above and actually agreed very well with the theoretical prediction
of absolute compensation for the unit Predicted supersonic errors for the Model C-98
shown on Figure 20(B) agree rcasonably well with the predicted errors However, the
magnitude of the errors, necessitated by the increase in subsonic compensation needed,
are large.

Because of angle of attack dependancy of the Sl ports on Models C-38 and C-39,
illustrated on Figures 18(C) and 19(C). « wind tunnel program was conducted at REC to
determine what angular positioning would be needed to make static ports located on a
contoured-nose insensitive to angle of attack variations. An arrangement with four static
ports placed around the circumference of the tube at + 26° locations from the vertical
centerline of the tube two ports on the top and two on the bottom. was found to be in-
sensitive to angle of attack This static port arrangement was used on the Model C-98.

Angle of attack performance shown on Figure 20(C) indicates that the S1 ports on Model
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C-98 were indeed insensitive to angles of attack from -12° to :12° over the Mach number
range tested, Mi =0.75 to Mi = 1.5. The following section includes the wind tunnel test
program run by REC to determine angle of attack dependancy of various static port
locations.

4.3. CHARACTERISTICS OF THE TYPE "C" MODELS DETERMINED FROM TESTS

IN THE REC TRANSONIC WIND TUNNEL.

Wind tunnel tests were conducted at REC to determine some of the characteristics
of the * contoured-nose" compensated pitot-static tube. An REC Model 855E was used
for the tests because of its similarity to the Model C-98. A comparison of nose shapes
of Models 855E and C-98 is shown on Figure 21. The nose contours for the two models
are very similar and the static ports for each model are in cssentially the same
location, 1.860 inches and 1. 849 inches aft of the pitot opening for the 855C and C-98,
respectively.

Althoug the REC tunnel is too small to obtain accurate measurements of absolute
values of pressure compensation, useful results were obtained using the pressure
difference method. This is a method whereby the differential is measured between
the static port pressure, PS, of the pitot-static tube and the reference pressure, Pr’
at a flush wind tunnel wall tap. The absolute pressure at the wall tap is insensitive
to small changes in location of the pitot-static tube in the tunnel. Data was obtained
by taking the difference in (PS - Pr)/Pr’ or A(PS - Pr)/Pr. 23 the shape of the Model
855E or locations of the static pressure ports were modified. An indication of the
residual pressure differential between the wall tap and the static port on the 855E when
the tube is at a zero degree angle of attack is shown on Figure 22. Although this pres-
sure differential behaves in a manner similar to the actual compensation provided by
the Model 855E, (PS - Pi)/Pi’ their magnitudes are not identical. The pressure Pi is
the indicated pressure at the position of the 855E static ports ahead of the aircraft on
which it is used. The ratio, (Ps - Pr)/Pr' shown on Figure 22 is approximately 25
percent below (PS - Pi)/Pi' However, this will not effect the accuracy of the data

taken because the absolute values of pressure difference, (PS - Pr)/P , are cancelled
5




out when the pressure differential method is used.

4 3 1 Pressure Errors Induced by Varying the Diameter of the Static Pressure Ports.

Relatively large static pressure ports, compared to dimensions of the contoured
nose shape. are needed to assure no appreciable pressure loss through the ports under
transient pressure conditions which occur when an aircralt is in a dive or climb Tests
were run at REC to determine if the static port size could introduce an error in the
theoretical determination of compensation induced pressure The results arce shown as
Figure 22 An increase in static port size from 0.020" diameter to the 0 0625" diameter
used on the Type " C" models produced only minute pressure changes Increasing the
port diameter induced a negative pressure error of only about A(PS - Pr)/Pr = -0 0004
with no pronounced variations with Mach number or changes in angle of attack from
-4° to +4°
4 3 2 Effect of Pitot Opening on Level of Compensation Available at the Static Ports

Cutting off the complete ogive nose of a " contoured-nose" pitot-static tube to make
a pitot opening increased the pressurc sensed at the static port. i e . reduces the com-
pensation available at the ports This pressure increase does not lend itself to accurate
prediction using theoretical methods REC conducted wind tunnel tests on the Model 855E
both with and without a pitot opening The results are shown on Figure 23(A) for static
ports displaced + 33° from the ventral plane of the tube and on Figure 23(B) for port
displacements of + 45 5° from the ventral plane The positive pressure difference for
zero angle of attack increases from about + 1 percent to + 7 percent of static pressure
as the Mach number increases from 0 3to 0 7 The pressure difference is also seen
to vary with angle of attack and angle of displacement of the static ports from the pitot-
static tube's ventral plane It becomes slightly more positive with increasing angles of
attack when 6=+ 33° and more negative with increasing angles of attack with A= + 45 5°

4 3 3 Effect of Circumferential Angle Location of Static Ports on Static Pressurc

Change Induced by Angle of Attack

The subsonic wind tunnel tests conducted at Langley Field indicated that subsonic
Sl ports on the Model C-39 pitot-static tube were sensitive to angle of attack. Figure

19(C) There was a pronounced change in pressure for angle of attack changes in the
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small range from —4° to +4° and the overall change of (PSl = Pi)/Pi with a was larger
than desired.

In order to find an optimum circumferential location for static ports on the Model
C-98, REC conducted a series of wind tunnel tests at a Mach number of 0.5. Results
of the tests are shown on Figure 24. One static port, 0.0625" in diameter, was drilled
in the 855E test model and data was obtained by rotating the model about its axis in the
wind tunnel. Angular displacement from the ventral plane of the tube is designated as
A. A miscalculation of 8 when the tests were run is the reason why the true 8 angles
shown on Figure 24 are given in half degree angles. There is apparent agreement
between data obtained at Langley Field for 8 = 37.5°, Figure 19(C), and the data shown
on Figurc 24. Pressure difference (Psa - PSZI _ O°)/Pr’ which is the ordinate
parameter on Figure 24, is secn to vary over a wide range with changing 6 for both
positive and negative angles of attack.

A large slope through a = 0° is present for all 8 angles. This indicates there will
always be a relatively large change in pressure, PS, for small changes in a near

=0°, i.e., a =+ 4°, if a single set of ports displaced + 6 {from the ventral plane
of the pitot-static tube were used. The same basic trend as shown on Figure 24 for
M = 0.5 will be present at higher Mach numbers; although for M > 0.5 the magnitude
of the variation of APS for a certain 6 with angle of attack will be greater. As shown
on Figure 24, the optimum + A location for a single set of static ports would be some-
where between 8= 40.5 and 45.5, or approximately at 8= 41°. This would not be a
great improvement over the 9= 37.5° location that was used on Models C-38 and C-39.

A static port arrangement of two ports on the top of the tube and two ports on the
bottom of the tube with each port displaced an equal angle from the vertical centerline
can eliminate the angle of attack variation near a = 0° and also greatly reduce pressurc
errors at larger angles of attack. As seen from Figure 24, the 8 = 25, 5° line is nearly
symmetrical with respect to plus or minus angles of attack. When the tube is subjected
to a positive a, the two ports on the bottom of the tube will be at + a but the two ports
on the top of the tube will be at - a. Therefore, an average of pressures sensed by

the four ports will be approximately equal to the true static pressures at a = 0°. Tests
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wererun at M=0 3. 0 5, 0.6, and 0.7 on the 855E pitot-static tube with one static port
located on the top and one on the bottom of the tube. each displaced 26° from the vertical
centerline and displaced 180° from each other The results. shown as Figure 25, verify
that this arrangement is insensitive to angle of attack. The residual pressure errors are
extremely small and approach the accuracy that can be obtained from wind tunnel measure-
ments It should be noted that, because of symmetry, the errors at - a will be the same
as for + a

Angle of sideslip data was obtained for the same 6 = + 26° port arrangement listed
above by rotating the tube 90° in the wind tunnel. The results, shown on Figure 26,
indicate that the tube does have a relatively large residual error at large angles of pure
sideslip, B. but is rather insensitive for g close to 0°  Because sideslip is only a
transient condition, its errors should be secondary in consideration compared to angle
of attack errors. From the data shown on Figure 24. it appears improbableto design
a nose compensated pitot-static tube that will be insensitive to both angle of attack and
angle of sideslip The complement of a 8 angle that is insensitive to a will be sensitive
to a. and the complement is the angle felt under sideslip conditions. In fact, the four
port arrangement at 6 = + 26° appears to be the best angle of sideslip arrangement
because it introduces small errors when § is near zero degrees. The pressure errors
due to sideslip are also equal for either plus f or minus . A limited amount of rerun
data on Figures 25 and 26 indicates agreement of the data within . 05 percent AP/ P,
the accuracy stated for the tunnel in Section 3 1.5.

It should be mentioned that pure angle of sideslip for aircraft is highly improbable.
Whenever there is a sideslip condition the aircraft will also be at an angle of attack.
In most cases, a small angle of sideslip will be accompanied by a relatively large angle
of attack This will form a resultant flow vector impinging the pitot-static tube at an
angle near a true angle of attack. The pure sideslip case shown on Figure 26 is there-
fore the extreme case, with most flight maneuvers with sideslip producing pressure
errors between those shown on Figures 25 and 26, but most probably close to the small

angle of attack pressure error. Tests were run at a Mach number of 0 5 to determine
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static pressure errors due to combined angle of attack and angle of sideslip. The data

is shown as Figure 27. Errors are presented in terms of A(PS - Pr)/Pr using zero

angle of incidence as the reference or zero pressure differential condition. The angle

of flow impingement, with respect to the vertical centerline of the tube. under combined

n and B is designated as ¢ . The angle of flow incidence. with respect to the axial
centerline of the tube, is equal to angle of attack when (D = 0° and equal to angle of
sideslip when @) = 90°. For ¢ = 0° (pure a), @ = 10° (a = 98), and @ =20° (a = 4.58),
the resulting pressure errors are extremely small. Beyond ¢ = 20°, the errors appear
to increase nearly linearly with increasing  to ¢ = 90° or pure angle of sideslip. How-
cver, because combined angle of attack and angle of sideslip conditions beyond ¢= 45°
are highly improbable, the 26° angular position of the static ports will have small pressure
errors for combined a and g under normal flight conditions. The static pressure errors
for this port arrangement are the same for either positive or negative angles of incidence
and are essentially zero for small angles of incidence.

It can be concluded that the + 26° location for the four sabsonic static ports on the
Type "C" Models will give satisfactory results for both pure angle of attack and combined
angle of attack - angle of sideslip conditions. Insensitivity for Model C-98 under pure
angle of attack conditions was verified {rom tests at ALDC, Figure 20(C).

4 4. CIRCUMFERENTIAL ANGLE LOCATION OF STATIC PORTS ON TYPE "D" MODELS.

An extension of the wind tunnel program presented in the previous section, Section 4.3,
was conducted at REC to determine angle of attack sensitivity of static ports located at
various circumferential angles on a cylindrical tube and if the sensitivity was similar to
that encountered for static ports located on a " contoured-nose™ .

The investigation was also conducted to determine if a four static pressurce port arrange-
ment would be feasible for use on a cylindrical pitot-static tube and on the Type " D" design
which has its static ports located on a slight taper. A standard REC Model 852 uncompen-
sated pitot-static tube was used in the test program. The Model 852 is an Air Force Type
MA-1 and has its external dimensions specified in MIL-P-25632B. There are two sets of

static ports on the MA-1. They are displaced 0.500" from each other and each port of each
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set is displaced + 37-1/2° from the ventral centerline of the tube. The forward set of
ports is located 8. 125" from the pitot nose of the MA-1. For test purposes three of the
static ports were plugged and only one port in the forward set was used to sense static
pressure. By rotating the tube in the wind tunnel mounting fixture. the angle of this
port from the effective tube ventral centerline, designated in this report as 6. could

be varied. The procedure used in testing was identical to the procedure explained in
Section 4,3, A flush wind tunnel wall tap was used to measure a reference static pres-
sure. The differential between this pressure and the pressure sensed by the tube static
port was used to find pressure variations at the static port due to changes in angle of
attack, a, and static port angle, 6.

The static pressure change induced by angle of attack for circumferential 8 angles
from 20° to 37.5° is shown on Figure 28A and M =0.5 The errors throughout the 6
range are extremely small, but definite trends are apparent. Probable accuracy of the
data. as determined from repeatability of the test data given in Section 4 3 is AP/P =
£ 0005. The pressure variation at 8= 37.5° is representative of performance of the
Air Force Type MA-1 and TRU-1/ A pitot-static tubes. To find the angle of attack
influence of diametrically opposite static ports, the plus and minus angle of attack data
shown on Figure 28(A) was averaged; results are shown on Figure 28(B). Because of
static port symmetry. the data will be identical for plus or minus angles of attack

Angle of attack pressure variations for rotation angles of 8 = 23°, 26°, and 37.5°
were also determined at M =0 6 The data is presented as Figures 28(C) and 28(D).
The plus angle of attack variation for 8= 37.5° is essentially the same for M =0 5,
Figure 28(A). and M =0 6 Figure 28(C). The data for diametrically opposite static
ports at M = 0 5. Figure 28(B). and M =0 6, Figure 28(D). show that for § = 23°. 26°
and 37.5° the magnitude of pressure error at angle of attack are only slightly larger
for M =0.6.

A comparison of the data at M = 0.5 and M = 0. 6 indicate that a diametrically
opposite static port arrangement with §= 26° will have pressure errors at angle of
attack that are comparable, actually smaller at the larger angles of attack. with the
8 = 37.5° static port arrangement used on the Type MA-1 Pitot-Static Tube. The
pressure errors at angle of attack are small for both cases. It is also of interest
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to note that the diametrically opposite port location of 8 = 26 shown on Figures 28(B)
and 28(D) have the same pressure error magnitude at angle of attack as did the same
port arrangement on the contoured nose of the Model 855E, Figure 25. This apparently
indicates that this port arrangement is relatively insensitive to changes in the pitot-
static tube contour in the vicinity of the static port. The data on Figures 28(A) and
28(D) shows that a 8 angle of approximately 22° for diametrically opposite ports would
actually give a smaller angle of attack variation of the pressure error in the Mach
number range tested. However, from transonic wind tunnel testing at AEDC and NASA
both the Type " C" and Type " D" designs with two static ports on the bottom only had

a definite increase in sensed static pressurc with angle ol attack at Mi =0.95. Itis
felt that by letting the sensed static pressure go slightly negative with increasing angles
of attack for Mach numbers less than 0.9, the pressure increase at Mi = 0.95 could be
eliminated. This assumption was verified by the angle of attack data obtained at AEDC
for Model C-98, Figure 20(C). For Model C-98 the ncgative pressures, if present,
were so small the wind tunnel tests at AEDC could not detect them.

To obtain an indication of angle of attack pressure variations that would be available
by varying the rotation angle, tests were run at M = 0.5 for A = 0°, 60°, and Y0°. The
results are shown on Figure 28(E). The average error values for the plus angles ol
attack errors of Figure 28(E), i.e., the pressure errors for diametrically opposite
ports, are shown on Figure 28(F).

4.5. SUBSONIC AND SUPERSONIC WIND TUNNEL EVALUATION OF Sl STATIC PORTS
ON MODEL C-134.

Model C-134 was designed to provide small supcrsonic crrors at the subsonically-
compensated S1 ports. The four static port arrangement developed by REC, Scction
4.3, and verified subsonically through wind tunnel tests on Model C-98, Scetion 4.2,
was used on Model C-134 to check supersonic sensitivity of the S1 port to angle of
attack. The four S1 ports were located + 26° from the vertical centerline with two
ports on the top of the tube and two ports on the bottom.

Subsonic performance of the Sl ports at a = 0° is shown on Figure 29(A). The

level of subsonic compensation was designed to be only slightly lower than the design
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compensation of Model C-39  within AP/Pi = 0025 in the high subsonic Mach number
range  Subsonic wind tunnel data for Model C-134. obtained in the AEDC One Foot

Transonic Model Tunnel, indicated a slightly lower level of compensation than that

predicted [rom theory

sSupcrsonie errors for the Sl ports at a = 0° arc shown on Figure 29(B) Theory
predicted a constantly increasing error above Mm—' 1 75 However. the experimental
data actually broke away from the theoretical curve and showed extremely small static
pressure errors at M_=2 5 and 3.0 The discrepancy between theory and experiment
at these higher Mach numbers is believed to be caused primarily by the blunt pitot
opening. for which pressure errors could not be determined accurately through
theoretical analysis  Transonic data [rom M_-1.0to 15 from tests in the AEDC
Onc Foot Transonic Tunnel show recasonsbly good agrecment with the theoretical
prediction of static pressure error. Data obtained in the AEDC E-I Supersonic Wind
Tunnel indicate that the supersonic errors at the :}l ports were extremely small at all
four test Mach numbers Mm-— 145 20 25 and3 0 The errors in terms of z_\.P/qc
will actually be decreasing with increasing Mach number above M-=20

Subsonic and supersonic angle of attack variations for the Sl ports on Model C-134
arc given on Figure 29(C) Subsonically. the four static port arrangement is shown to
be essentially independent on angle of attack variations to 12°  Supersonic a variations
atM_=120.15. 20 25 and 3.0 are also shown to be very small  They are the
same magnitude or smaller than angle of attack crrors for static ports on a cylindrical
pitot-static tube e g . 32 ports on Survey Model 5-104 shown on Figure 17(B). Because
ol symmetry ol the Model C-134 static ports. they will be as insensitive to negative
angles of attack as they are to positive angles. The data on Figure 29(C) therclore
applies for angles from a = -12° to o = +12°
4.6 SUBSONIC AND SUPERSONIC WIND TUNNEL EVALUATION OF 82 AND 83 STATIC
PORTS ON THE TYPE "C" MODELS.

The 82 static ports on the Type " C" Models are uncompensated subsonically and

werce designed to indicate true static pressure at supersonic Mach numbers Models
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C-39, C-98, and C-134 had the S, ports located on a long 0. 5° tapered seetion in the
center of the tube, Figure 9. The 82 ports on Model C-38 were located on an untapered
cylindrical section. Therce were two bhasie reasons for placing the 32 ports on a 0.5°
body taper. The taper incrcases the strength of the tube and also will induce a small
positive pressure supersonically to cancel the slight negative pressure effect induced
by the pitot nose. A third set of ports, S3 ports, was placed one inch ahead of the 32
ports on Model C-98 and were designed for use as a flight test reference. Pressures
measured by the 53 ports would be essentially identical to those sensed at the super-
sonic 52 ports.

Experimental data for the 82 and 33 ports arc shown on Figure 30. Subsonic
errors with respect to indicated static pressure, Figure 30(A), are well within one
percent with the exception of data obtained in the Langley 8-Foot Transonic¢ Tunnel
which went over onc percent at Mi =0.9, 0.95, and 1.0. Agrecment between data
run in the AEDC tunnel was very good for all three models which indicates climinating
the 0.5° body taper on Model C-38 had little influence on sensed static pressure.
Pressures measured by the 52 and 83 ports on Model C-98 are also shown to be
identical. Supersonic data on Figurce 30(B) for the 52 ports on Model C-134 indicate
only small errors at the lour test Mach numbers, from M_= 1.45to 3 0. Subsonic
and supersonic angle of attack performance of the 52 and 83 ports. Figure 30(C).
show little or no variation of senscd pressure with angle of attack over the a range
tested.

1.7. SUMMARY OF AERODYNAMIC PERFORMANCE OF THE TYPE "C" PITOT-
STATIC TUBES.

(1) Based on a comparison of wind tunnel data for the four Type " C" models
evaluated under this program and theoretical predictions of negative pressure com-
pensation provided by the S1 ports on the models, it can be concluded that the level
of aerodynamic eompensation can be predicted with reasonable accuracy using
theoretical methods. Of the three models tested at AEDC, experimental results
agree within 0 = AP/q £ 0.01 or within one percent of the calculated values over

a Mach number range from 0.55 VRS 0.90. The compensating nose design on
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Model C-38 was found to give the desired level of subsonic compensation necessary for
use with the standard nose boom on the XB-70.

(2) Through an extensive study it was found that for static ports located on the
contoured nose a four port arrangement. two ports located on the top of the tube and
two on the bottom with each port displaced cqually from the vertical centerline. is more
satisfactory for obtaining insensitivity to angle of attack variations than is a two static
port arrangement with each port displaced equal angles from the ventral plane of the tube.
This was found to be true for the + 26° four port arrangement used on Model C-134 over
an angle of attack test range. from -12° to +12°, for both subsonic and supersonic flight
toM =25 andto o = + 8° at M_=30. Static pressure crrors due to angle of attack
over this range remained primarily well within 0 5 percent of g

(3) A nose design was found for Model C-13+ that would give a desirable level of
subsonic compensation at the Sl ports and yet the Sl ports could be continued in use
through the supersonic Mach number range to 3.0 with less than a 0 5 percent of g
error in static pressure from Mm= 2 0to Mm =30

(4) The supersonic 52 ports and reference S3 ports on all four models measured
very nearly the indicated static pressure subsonically and sensed true static pressure
supersonically  The 82 and 53 ports. located + 36° from the ventral plane ol the pitot-
static tube were inscnsitive to angle of attack changes both subsonically and super-
sonically.

(5) Pitot pressure mecasurements were also made during all the wind tunnel tests.
The pitot opening design was identical for all four models and indicated at all angle of
attack conditions run. the true total pressure subsonically and true pitot pressure.
total pressure behind a normal shock wave supersonically. Any deviations of data
from the true pitot pressure werc of a random nature and therefore due to measure-
ment limitations of the wind tunnel facilities  Although pitot pressure errors do exist
at high angles of attack the errors over the a range used in the preset test serices.

-4° < a s + 13 43° for the Langley 8-Foot Transonic Tunnel and 0° € v < + 12° for
the AEDC tunnels. were too small to be recorded on the measuring equipment used
Pitot errors to a = £ 14° are expected to be well within APp/Pp =+ 0 001 both sub-

sonically and supersonicaily
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(6) Of the configurations investigated, the Model C-134 would match the expected
static pressure aerodynamic compensation for the XB-70 aircraft at a location 71 inches
forward of the nose. Accuracy of the compensated static pressure would be within + .01
q for the subsonic range 0.5 3 Mi S 0.95 and the supersonic range 1.5 * Mi 5] 0
for angles of attack within + 12° (except + 8° at Mm= 3.0). Accuracies in the 1.0 Mi

£ 1.5 range were not accurately established, but available data indicate errors in this

range should not exceed + .03 q.
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SECTION 5

CONTOURED AFTERBODY COMPENSATED PITOT-STATIC TUBES

5.1. DESIGN CONSIDERATIONS AND THEORETICAL PREDICTIONS.

Seven aerodynamically compensated pitot-static tubes utilizing the ' contoured-
afterbody" method* of static pressure compensation have been evaluated using both
theoretical analysis and wind tunnel experiments. They were designated the Type
"D" models and specific dimensions for each model are given on Figure 10. A single
set of static ports, 51/32’ was used to compensate for subsonic position error ahead
of the aircraft and to indicate true static pressure supersonically. The 51/52 ports
are located on a slight taper which extends forward to the 7-1/2° pitot nose taper
and rearward to a maximum diameter of 0. 744 inches at 0. 062 inches behind the static
ports. The compensating afterbody contour starts 0.062 inches behind the static ports
and has an inflecting curvature which starts and ends tangent to the flow direction.

The length of the compensating contours and the slope along the contour was varied

to provide various levels of subsonic compensation. The afterbody contour acceler-
ates the flow and produces a reduced static pressure region. Subsonically this pressure
influence is propagated forward to the static ports. Supersonically after the aircraft's
bow shock wave has passed downstream of the static ports, the pressure influence of
the afterbody contour is isolated from the static ports, thus providing no supersonic
compensation. In addition {o the afterbody contour, the pitot opening, forward taper,
and rear adapter tapers also provide subsonic pressure influences at the Sl/ 82 ports.
All of these parameters were evaluated theoretically for each of the models developed.
An example of predicted pressure influences of each component on Models D-41, D-123,
D-147, and D-159 is shown on Figure 31. These four models had identical external
configurations with the exception of placement of the static ports. The afterbody

contour, Curve (D), provides the largest portion of subsonic compensation. However,

* REC Patent Pending
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the 0.72* forward taper, Curve (C), also induces a large negative pressure at the static
ports. Because of remoteness of the Sl/S2 ports from the pitot nose, the pitot opening
_and nose taper effect, Curve (B), is of negligible importance. The rear adapter tapers
produce positive pressures. Curve (A) on Figure 31 is an accumulation of the pressure
effects of the 6° rear taper which increases the tube diameter from 0.620™ to 1,312"
and the 7-1/2" taper on the wind tunnel adapter. A summation of pressure influences
from all the individual components, Curve (E), is the total compensation provided by the
Sl/S2 ports. Pressure effects of the pitot opening and rear tapers are hard to predict
accurately because of limitations of theory, However, the total effect of these com-
ponents is small and even a 25 percent error in theoretical prediction would not cause
an appreciable error in the level of compensation provided. To minimize the uncer-
tainty of pressure from the rear tapers, imperical relationships were also used to
obtain a more accurate indication of variation with Mach number. The forward taper
and afterbody contour are the basic components for providing aerodynamic compen-
sation because of their immediate proximity to the static ports. The pressurc influence
of both of these components are easily determined through slender-body theory.

At supersonic Mach numbers the pitot nose and forward taper influence the
pressure at the Sl/SZ ports. The total nose effect is small but negative. Each of the
Type " D" designs has a forward taper to produce a slight positive pressure and thereby
cancel the pitot nose effect.

A second set of static ports, 83 ports, were placed one inch ahead of the Sl/S2
ports on five of the Type " D" models. The 83 ports were designed to senge indicated
static pressure subsonically and true static pressure supersonically. As on the Type
"C" models, the S3 ports will be used as a reference for flight test evaluation of the
aircraft static pressure systems.

5.2. SUBSONIC AND TRANSONIC WIND TUNNEL EVALUATION OF COMPENSATED
STATIC PORTS ON MODEL D-40.

Models D-40 and D-41 were the first two afterbody compensated pitot-static tubes

developed under this contract. They were designed for use on the standard nose boom

of the XB-70. The Sl/S2 static ports on Model D-40 were located two inches further
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from the pitot opening than on the other six Type " D" models tested and a 0 52° forward
taper was used to increase the tube diameter from 0.610 inches to 0 744 inches Two
81/82 ports were used with each port displaced + 36° from the bottom centerline of the
model.

Wind tunnel data for Model D-40 was obtained in the Langley 8-Foot Transonic
Tunnel. Subsonic and transonic performance of the Sl/S2 ports at @ = 0° is shown
on Figure 32(A) Although the predicted compensation agreed well with experimental
data at Mi = 0.4, at high subsonic Mach numbers the experimental data was lower than
expected from the theoretical analysis. Transonic dataat M =1 05, 1.1. and 1.2
indicated a negative residual static pressure error

Angles of attack performance of the Sl/S2 ports on Model D-10, Figure 32(B).
indicates insensitivity of the static ports to Mi =0.90. From Mi =0.95to M _- 1.20.
the sensed static pressure increases with increasing angle of attack
5.3. SUBSONIC WIND TUNNEL EVALUATION OF STATIC PORTS ON MODEL D-102.

Subsonic wind tunnel data for Model D-41 at @ = 0°, from tests obtained at the
same time as Model D-40 in the Langley 8-Foot tunnel. also indicated a lower level
of static pressure compensation than expected from theoretical analysis., To obtain
the level of subsonic compensation needed for use with the standard nose boom, a new
design, Model D-102, was developed for testing in the AEDC One oot Transonic
Tunnel. The desired level of compensation was estimated by subtracting the differcnce
in predicted and experimental levels of subsonic compensation for Model D-41 from the
absolute level of predicted compensation for the Model D-102. However. a comparison
hetween predicted and eventual experimental values on Figure 23(A) shows that the wind
tunnel data at a = 0° was actually larger than the absolute level predicted from theory
at low Mach numbers. The difference decreased with increasing Mach number to
Mi = 0,95 where the wind tunnel data equals the predicted level of compensation. As
shown on Figure 23(4), the difference remained within 1/2 percent of (Psl/52 = Pi)/Pi’
stated accuracy of the AEDC Transonic Tunnel, throughout the subsonic Mach number
range. The Model D-102 therefore will have more subsonic compensation then needed

when used with the standard nose boom on the XB-70.
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Angle of attack performance of the Sl/SZ perts, located + 36° from the ventral
centerline on Model D-102, is shown on Figure 33(B). Some sensitivity to angle of
attack was observed at Mi = 0.95.

Subsonic performance of the reference static ports on Model D-102 is shown on
Figure 33(C) for a = 0° and on Figure 33(D) for angle of attack variations. The 33
ports had a negative crror with respect to indicate static pressure which reached a
maximum of (PS2 - Pi)/Pi = -0.016 at Mi =0.95 fora = 0°. Angle of attack
variation for the 83 ports, located at the same angular location as the Sl/SQ ports,
did not show the increase in pressure with angle of attack at Mi £ 0.95 that was
observed for the SI/S2 ports.

5.4. SUBSONIC AND SUPERSONIC WIND TUNNEL EVALUATION OF STATIC PORTS
ON MODELS D-41, D-123, D-147, AND D-159.

Models D-41, D-123, D-147, and D-159 had identical compensating contours and
the same external dimensions with the exception of their static port arrangements.
As shown on Figure 10, the Sl/SZ ports on Models D-41 and D-123 were placed + 36°
from the bottom centerline. Model D-123 also incorporated a set of S3 ports with the
same circumferential £ 36° location. Models D-147 and D-159 had four SI/SZ ports
and four S_ ports arranged around the circumference of the tubes at + 26° and 4 24°
from the vertical centerline, respectively. The static ports were placed on a 0. 72°
forward taper for all four models. Model D-159 was evaluated only at supersonic
Mach numbers.

5.4.1. Evaluation of Sl/_S_O Ports at Zero Degrees Angle of Attack.

Because of dimensional similarity subsonic and supersonic performance of the
S./S
l/ 2

of attack. Subsonic and transonic static pressure compensation provided by the

ports or 83 ports for the four models should be identical at zero degrecs angle

SI/SZ ports on Models D-41, D-123, and D-147 is shown on Figure 34(A). Four
sets of wind tunnel data from two wind tunnel facilities are shown. Model D-41 was
first tested in the NASA Langley 8-Foot Transonic Tunnel and later tested in the AEDC

tunnel. Data from both of these tests showed a lower level of subsonic compensation
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than that predicted theoretically. Data obtained for Model D-41 at AEDC was about

0.5 percent of (P - Pi)/Pi closer to the theoretical prediction than the NASA

S:/8
data at the higher ;éb:onic Mach numbers. Additional tests at AEDC on Models D-123
and D-147 gave even higher levels of subsonic compensation and for the case of D-123,
the data was larger than the predicted level of compensation throughout the entire sub-
sonic range.

The reason for the discrepancy between the four sets of subsonic data on Figure
34(A) has not been determined. Stated accuracies for the Langley 8-Foot tunnel were
AP/Pi =+ 0.0016 at Mi = 0.4 increasing to AP/P = +0.0027 at Mi = 1.0, Section
3.1,1, and stated accuracies for the AEDC one foot tunnel were AP/ Pi =0.005
throughout the subsonic range, Section 3.1.3. Dimensional variations for the three
models were shown on Figure 13 to be generally considerably less than AP/Pi =+ (0.002.
Assuming these accuracies the maximum deviation of the data at Mi = 0.95 could be
only AP/Pi =0.012.

After the Model D-41 had been tested at NASA and AEDC, a decision was made
to use the extended nose boom on the XB-70 and that a Type " D" compensated pitot-
static tube would be used. The static pressure error at the 81/82 ports located 71. 291
inches ahead of the aircraft on the extended nose boom, as determined in Section 2, is
shown superimposed on Figure 34(A). Although slightly lower than the NASA data at
high subsonic Mach numbers, the predicted position error ahead of the aircraft agrees
well with the NASA data especially below Mi =0.6. Because the Langley 8-Foot tunnel
had a larger test section and probably was more free of disturbances and flow irregu-
larities than the AEDC tunnel and because the Langley tunnel had tighter stated data
accuracies, the decision was made to use the external configuration of Model D-41,
and Models D-123, D-147, and D-159, and the static port spacings of Model D-123.

It should be noted that residual error after compensation is obtained by subtracting
the static pressure error ahead of the aircraft, (P_- Pi)/Pi’ shown on Figure 34(A)
from the compensation provided by the Sl/SZ ports, (Psl/ sy Pi)/Pi’ or (Psl/S2 -P)
/P,. This error can then be divided by [P, - P)/ pi} 1 to obtain (Psl /8y " P)/P.
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Transonic data oltaired in the NASA tunnel for Mi =1.05. 1.1, and 1.2 shown on
Figure 3-4(A) indicates that compensation provided by the model drop abruptly toward
zero after the bow shock wave has passed downstream of the static ports. There will,
therefore, be no large deviations in sensed static pressure as the aircraft passes
through the transonic region.

Three of the four models, D-123, D-147, and D-159, were evaluated super-
sonically at n = 0°. Data, shown on Figure 34(B), was taken in the AEDC E-I
Supersonic Tunnel forr Mach numbers from M = 1.45 to Mm’- 4.0. Total data scatter
for the models exceeds only slightly the stated accuracy for the E-I tunnel, AP/ P.=
1 0.004- from Section 3. 1.4. The data points on Figure 34(B) have been corrected
for pressures sensed by the long survey model, S-139, shown on Figure 16 The
conncceting lines on Figure 34(B) indicate the averages of the supersonic data agree
very well with the supersonic performance of the S ports on the short survey model,
5-104, shown on Figurc 17(B). Corresponding errors in terms of (PS - qu)/qC for
the survey Model S-104 and thercefore for the Models presented on Figure 34(B) were
very small, as was shown on Table IT and discusscd in Section 3.3.2

5.4.2. Angle of Attack Performance of Sl/_S_2 Ports on Modcls D41 and D-123.

Subsonic and supersonic angle of attack variations of pressure sensed by the
Sl/SZ ports on Models D41 and D-123 are shown on Figure 34(C). The SI/SQ
ports show very small angle of attack changes to +13.43° for Mach numbers to
Mi =0.8. The largest deviations shown on Figure 34(C) arc in the transonic region
at Mi =0.9, 0.95, 1.1, and 1.2. However, in this region differences in data from
the two wind tunnel facilities are also the largest and a certain amount of the variation
could be inherent wind tunnel errors. Importance ol any residual variations in this
region are actually minimized by the fact that large angles of attack will not normally
be experienced when the aircraft passes through the transonic region Supersonic
variations with angle of attack were primarily well within AP/Pw: 0.02 for Mach
numbers to 3,0. Because of the favorable angle of attack performance of the Sl/SQ
ports on Models D-41 and D-123, their port arrangement was used on the compensated

pitot-static tubes furnished for use on the XB-70.
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5.4.3. Evaluation of 83 Ports at Zero Degrees Angle of Attack.

Subsonic and supersonic static pressure errors of the S_ reference ports on

3
Models D-123, D-147, and D-159 are shown on Figures 34(D) and 34(E). The S3
ports are located one inch ahead of the Sl/Sz ports and were designed to sense
indicated static pressure, Pi’ subsonically and true static pressure, Pas super-
sonically. Subsonic variations from indicated pressure are within (Ps3 - Pi)/Pi =
-0.01 as indicated on Figure 34(D) for Models D-123 and D-147. Agreement between
the two models is good. Supersonic errors with respect to true static pressure,
Figure 34(E), are small for all three models, D~123, D-147, and D-159. Agreement

of supersonic data between the three models is also very good.

5.4.4. Angle of Attack Performance of S3 Ports on Model D-123.

Subsonic and supersonic angle of attack variation for the S3 ports on Model D-123
are shown on Figure 34(F). As was the case for the Sl/S2 ports on Model D-123, the
S, ports exhibited no large variations with angle of attack either subsonically or super-
sonically. This static port arrangement, + 36° from the ventral plane of the model,
was therefore used for the 83 ports on the compensated pitot-static tubes furnished
for use on the XB-70.

5.4.5. Angle of Attack Performance of Sl/_SZ Ports and S3 Ports on Model D-147.

The Sl/ 82 and 53 ports on Model D-147 were placed around the circumference
of the tube at + 26° from the vertical centerline, two ports on the top and two ports
on the bottom. This port arrangement was found to be very insensitive to angle of
attack variations both subsonically and supersonically for the Sl ports on Model C-134,
Section 4.5. The wind tunnel analysis conducted by REC, Section 4.4, indicated that
subsonically the "four holes at + 26°" arrangement was also insensitive to a variations
for a cylindrical pitot-static tube. The static port arrangement is as insensitive to
negative angles of attack as positive angles of attack thereby practically doubling the
useful angle of attack range of previous static ports which were located on the bottom
of the tube and were sensitive to negative angles of attack.

The model D-147 was therefore tested to verify the subsonic performance of the
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"four holes at £+ 26°" arrangement. Subsonic and supersonic data obtained in the AEDC
wind tunnel is shown on Figure 35(A) for the Sl/S2 ports and on Figure 35(B) for the 53
ports. The REC subsonic test results were verified by the tests at AEDC. The static
ports were found to be insensitive to angle of attack variations to Mi = 0.95 for angles
of attack from -12° to +12°,

Supersonically the static ports were found to be inscensitive to variations from

5

a = -4* to a = 14° and only moderate angle of attaek changes werce observed at M =1
for -12° < a s 112°, However, beyond a = 4° at sz 2.0, 2.5, and 3.0 the sensed
static pressure at the Sl/ 32 and 83 ports decrcased rapidly with increasing angle of
attack.
5.5. SUPERSONIC PERFORMANCE OF STATIC PORTS ON MODELS D-158 AND D-159.

Models D-158 and D-159 were designed for two basic purposes: (1) to climinate at
a = 0° the small supersonic static pressure crrors of the SI/SZ and 33 ports on Models
D-123 and D-147 and (2) to find a four static port arrangement that would be insensitive
to large angles of attaek supersonically. The Model D-159 had the same external
dimension as used on the unit supplied for use on the XB-70, i.e¢. the same as Models
D-41, D-123, and D-147. As explained in Section 5.5.4, the "four ports at + 26°"
arrangement uscd on Model D-147 was insensitive to subsonic angle of attack changes.
Because additional subsonic tests were not available, only a modest change in static
port location could be made. Location of the four SI/SZ and S3 ports on Model D-159
were therefore placed at + 24°. This change would not effcct the subsonic performance
significantly but, it was hoped, would reduce the supersonic variations.

Model D-158 was designed to provide better supersonic performance at r = 0°.
The forward taper was increased to 1-1/4° and the 7-1/2° pitot taper was reduced
in length. The static ports on Model D-158 were also located at + 24", i.c. the same
as on Model D-159. A comparison of supersonic errors of Models D-158 and D-159
at @ = 0° is shown on Figure 36(A) for the Sl/SZ ports and on Figure 37(A) for the S3
ports. Increasing the forward taper from 0.72° on Model D-159 to 1. 25" on Model
D-158 did decrease the supersonic errors present at both the Sl/Sz and S3 ports except

at Mm= 1. 45 for the 83 ports. In fact, assuming the characteristic shape of supersonic
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errors vs, Mach number curve on Figures 36(A) and 37(A) is correct, the Model D-158
appears to be the optimum configuration for reducing supersonic errors throughout the
Mach number range from M = 1.45 to M = 4.0.

Large angle of attack variations for the Sl/SZ and S3 ports on Models D-158 and
D-159, Figures 36(B), 36(C), 37(B), and 37(C), were still present at @ = + 8° and
+ 12° for both models. In fact, only minor changes appear compared to the errvors
that were present for the Sl/S2 and S3 ports on Model D-147, Figures 35(A) and 35(B).
It therefore appears that a significant change in hole spacing, to + 20° or less, would
have to be made to reduce these errors. However, any further reduction in angle
would necessitate additional subsonic as well as supersonic verification.
5.6. SUMMARY OF AERODYNAMIC PERFORMANCE OF THE TYPE "D" PITOT-
STATIC TUBES.

(1) Seven Type "D" aerodynamically compensated pitot-static tubes utilizing the
" contoured-afterbody" method of static pressure compensation were evaluated using
both theoretical analysis and wind tunnel experiments. Although a fair amount of wind
tunnel data uncertainty exists for subsonic compensation available from the models,
the level of aerodynamic compensation was predicted with reasonable accuracy using
theoretical methods. Experimental results for the four models tested subsonically
at AEDC agree with calculated values within one percent of q, over a Mach number

range from 0. 55 E: Mi < 0.95.

(2) Two deiced and anti-iced pitot-static tubes have been furnished to ASD for
installation on the XB-70 aircraft. They utilized the Model D-123 design and were
designated the REC Model 855D aerodynamically compensated pitot-static tube. The
compensated Sl/S2 ports exhibited, based on NASA wind tunnel data, the level of
subsonic compensated needed to correct the position error ahead of the aircraft when
mounted on the extended nose boom. Supersonic errors for the Sl/SZ ports were
found to be small for Mach numbers to 3.0. The Sl/SZ ports were insensitive to
angle of attack variations throughout the Mach number and angle of attack capabilities

of the aircraft. The 83 reference ports on Model 855D sensed very nearly the indicated
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static pressure subsonically and true static pressure supersonically and were not
sensitive to angle of attack variations.

(3) An alternate static port arrangement for the Sl/SZ and S3 ports, four ports
located + 26° from the vertical centerline with two ports on the top of the tube and
two ports on the bottom, was found to be insensitive to angle of attack variations
from ~12° to +12° for Mach numbers to 1.5. At Mach numbers of 2.0, 2.5, and
3.0 this port arrangement remained insensitive for angles of attack from -4° to
+4°, Beyond a = + 4° the static ports showed a negative AP/q sensitivity with
increasing angle of attack. For this reason they were not used on the final Model
855D design.

(4) Pitot pressure measurements were made during all the wind tunnel tests
on the Type " D" models. The pitot opening design was identical for all seven
Type " D" models and indicated the true total pressure subsonically and true pitot
pressure, total pressure behind a normal shock wave, supersonically for all angle
of attack conditions run. Any deviations of the true pitot pressure were of a ran-
dom nature and thercfore due to nicasurement limitations of the wind tunnel
facilities. Pitot errors to + 14° are expected to be well within APp/Pp = +0.001
both subsonically and supersonically.

(5) Bascd on the contoured-afterbody configurations evaluated under this
contract, it is concluded that aerodynamic compensation can be achieved for static
pressure crrors at distances beyond 3 feet from the nose of the XB-70 aircraft.
Accuracy of the compensated static pressure would be within + 0.01 e for subsonic

Mach numbers to Mi = 0.95 and in the supersonic range 1.5 < M % 3.0 for angles

£ <

of attack to 12° (to 8° at M_=3.0). Accuracies inthe 1.0 = Mi 1.5 range were
not definitely established, but available data indicates errors in this range should he

well within +0.02 qc.
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APPENDIX " A"
LIST OF SYMBOLS

AP/q
Mach number
True Mach number

Indicated Mach number corresponding to Pi at distance x ahead
of fuselage.

Mach number differential

Static Pressure
True Static Pressure

Indicated or uncompensated static pressure at distance x ahead
of fuselage.

Pitot Pressure

Total Pressure

Static pressure sensed by flush wind tunnel wall tap.
Pressure sensed by S1 static ports

Pressure sensed by 82 static ports

Pressure sensed by Sl/S2 static ports

Pressure sensed by 83 static ports

Static pressure differential

Y 2
9 PM
-P
PT s
PT - Pcn
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PT-Pi

Subsonic compensated static pressure ports (Except on Survey
Model)

Supersonic static pressure ports (Except on Survey Model)
Subsonic and Supersonic compensated static pressure ports.
Reference static pressure ports (Except on Survey Models)
Fourth static pressure port on survey model S-139.

Distance ahead of aircraft

Axial increment on fuselage

Angle of attack, Degrees
Angle of sideslip, Degrees

Angle of placement of static ports from vertical centerline,
Degrees

Angle of flow impingement from ventral centerline of pitot-static
tube, Degrees

—48-




e

ol

49~

0a f
oer| . .
aos) ' . . .
oos) . . .
aonl . . .
001 . . . -
ao1} . . . .
{
S0t . . .
30 « » . o .
satamce ameas o0 s o At
tguat
STATIC PRESSURL ERRON AWEAD OF B-T0
Al w_ s 04
COMPUTID USING E1ACT FUSELAGE WOSE  SHAPL
o . .
X ' . i
oos .
soe
aor
a0 .
{
aos P .
v04 . . . .
o1 ol d . . 58
“
oor . . . .
00 . . . E d .
Py D S I a—
o2 o3 o4 o3 os TS :
LATARCL amar o0 welr. 4
MAPMUM CAMETER 00 wOLt.
VGuRE 24
PAESSURE DISTRIBUTION AxEAL F SUERTER NOSE
TRANSONIC AIRCRAFT MODEL OF REFERENCE w04
COMPUTEO USWE ERACT ol tmarl
WINO TUWNIL DA'A RETEREACH
. ‘
. ‘
Heractn wet ecw
. . STARSART i Aocw -
. { . .
01 os ar , . o
TR MACH MR W
FIGURE 28
EMPIRICAL RELATIONSP FOR EFFECT OF
COMPRESSIBILITY ON STATIC PRESSURE ERROR AHEAD OF XB-70




oto r o0 '
o o1 ' l
on o l
|
ane ' d 014 t
1 i
i |
our e m x T [IH 1
R -P | ' - | |
& : -l
< L1 j 3 1‘. 010 ' ‘
L. + xe2 reet
008 =R VREL . oo-' | | |
l ] | l I 130 mog
| 0 |
oos LAE N 414 S o Il I"ul i
[ e abg | 'x- 41
K afLLy
| xe Ao t xegreer
sout 1]_”‘“ i 004 LRI '
LOTEYHE ! o 0 / :
nnl| | ’ ’ | 002 l i |
| | L] |
; | | Lo
o4 03 os or ou o4 03 os or
-, ™,
FIGURE 3 FIGURE 4
STATIC PRESSURE ERROR AHEAD OF STATIC PRESSURE ERROR ANHEAO OF
XB-70 AS A FUNCTON OF INOICATED XB-70 AS A FUNCTION OF INOICATED
MACH NUMBER MACH NUMBER
(REC ESTIMATE) (NAA ESTIMATE)
013 1 1 | ! )
[ . '
o112 | '
on |
| 12 '
|
010 |
" I T
|
009 |
C :
oos | !
| i
oor ]
)
"!
008
X * 2 FEET ~ .
008 X * 3 FEET
X * 4 FEEY .
X + 3 FEET
004 X - 8 FEECT |
X ¢ 7 FEET g
| 1 l
003 oo
| .
002 ' |
i ..
ool !
L)
o L
02 03 o4 o3 os or os os 10 (N}
FIGURE €
M
INDICATEO MACH NUMBER AS A FUNCTION
OF TRUE MACH NUMBER FOR REC ESTIMATE
FIGURE 5

OF POSITION ERROR AHEA F XxB- 70
STATIC PRESSURE ERROR AHEAD OF EARO EAGHG

XB-T70 AS A FUNCTION OF INDICATEQ
MACH NUMBER
(REC ESTIMATE )

-50-



oo 1 | i f
ooe . 1 { ! ?
t : )\
| | A
oos . I [] i ' b
| )
004 . . t l B\
( L R
003 [ 1 +
' ] _A'/ E
ooz 1 1 (o] [}
i
oa | o g
. Res J J
ol oL L Ll S § 83 — e L A h
o1 o1 03 o 03 os oK os oy 1o
MOKATIO  MADN WUMBIR, W
FIGURE TIA)
STATIC PRESSURE ERROR AMEAO OF xB8-7T0
AS A FUNCTION OF INDICATEQ MACH NUMBER
A= 609N NCHES
- MEE  PROCTION
O RIVLIS OF mASA wa TumsL
TeeTs om zs- 1O
cos . 1 1 ! ' '
| [ |
| i
003 . . . i H ' f . ? '
f A
i . b OB A Y
| 4
003 . . ' l | l PRAME
£
002 . . ] { 0) \
001 . 1 [} t | |
locan® | Y]
o RS E o 40 | i | J Ay
ot 02 LX) oa 03 os or os oy 10
WMDKCATED WMACH mAeStR, W,
FIGURE  7(D)
SIATIC PRESSURE ERROR AHEAD OF XB- 70
AS A FUNCTION OFf INDICATED MACH NUMBER
X+ 80302 INCHES
- REC PREDICTION
O MSULTS OF NASA WD TummEL
TESTS OR X8- 70
006 ! ' l
003 + . . t l '
o y W f
oos . . )
007 . . . ' |
|
ool ' ' [ { |
T P Lo ) i
ot 0z 03 04 03 (X3 or oe

INOICATED MACH tMmBER, W

STATKC PRESSURE
AS A FUNCTION

3

FIGURE  7(C)
ERROR AMEAD OF
OF INDICATED MACH NUMBER

XB- 70

* 71291 INCHES
REC  PREDICTION
AVERAGE OF RASA WIND TUWREL
XB- 70 WODEL FROM

DATA FOR
FIGURES TA {X-60 93"}

FIGURE 78 (X - $0302°1

-51-




180 | 1 [ v v ] = =
160 |- + 1 .’ . . + 1 —
140 | i AL |
! |
] |
120 |- 3 . ! N . L —
&H, FEET | -
100 4 + . N . 1 } u — p—
WU S [T e e (S 0 ]
60 4 . 3 ’ ‘ 1} 3
] l
40 ' . 3 . . . 1 _
| i
20 (——* 4 + ‘ ¢ =l
| |
o | | { |
O 10 20 30 4 50 65 70 80 90 100 WO
ALTITUDE  (FEET X 1073)
FIGURE 8 (A)
PRESSURE ~ALTITUDE ERROR CORRESPONDING
TO STATIC PRESSURE ERROR OF AP/P=0.005.
( STANDARD ATMOSPHERIC CONDITIONS )
005 | ' | 1 [ 00125
| |
|} | | ‘ |
| | |
\ ; :
004 bk | | | 00100
\ |
' ‘ | [
\' | |
\| ‘
\ | |
003 = 1 - ¢ + /| ©.0075
AP | - | aM
a9 \ \ Lt |
1L\ | =
N s ~T N |
0.02 I | 4 ‘ 00050
3 =%
28— ;
" ! !
00l |- f { 0 0025
|
0 : 0
0 05 10 5 20 25 30

TRUE MACH NUMBER, Mg

FIGURE 8(8B)
COMPRESSIBLE PRESSURE COEFFICIENT ERRORS AND
MACH NUMBER ERRORS CORRESPONDING TO STATIC
PRESSURE ERROR OF AP/P = 0.005.

-59-




7 S PORTS

B_‘
‘] s, PORTS
s , /%
| A—‘—1 [o 50 3 '53”“'5{
. t | 1 |
! — ¥ ’ |
B e { 71 !
A————— (! | 3 {3 !
- -
- A - 3 B‘I—J Lisiz o
= ] -
- 850 - l- 0500
[ % 00
BTG
| 0250 DIA |
01873 01A
L
| gt =
. -
\ 0004 FLAT

INTERNAL PITOT NOSE_DE TAIL

SPECIFIC MODEL  DIMENSIONS
’VOO[L“A B‘C'O'['rvﬂ'

- ' . . . y

C 38 2M2 3062 —— —— :7:'1—‘“
C:39 1676 2736 2000 03 —— 115'; —
C-98 1849 2449 2307 05" 1000 26 .26'

C-134 2086 3062 1694 03" —— 26" | 26" |
‘ i i Joo = oown ASK R

NOTE ALL OIMENSIONS IN INCHES

;10 328
4 /6 elaces

20 TYe

\.
\

section C-C

6 PLACES (3 SETS)

NOSE COORDINATES

FIGURE 9

DIMENSIONS AND DETAILS OF CONTOURED-NOSE

WIND TUNNEL MOOELS

MODEL C-39
* v
[ 0178
02%0 {0168
0300 |0207
0730 |D243
1000 0274
1250 0300
1500 0323
17%0 0342
2000 |03%6
225 o367
2 500 0373
27% 0373

\ ' 00625 Q1A
“0062% DiA
4 HOLES
section B-B
section A-A -‘ -
e
|
. - ———
COMMENTS MOO[IA c-38
)
MODEL  C- 134
x Y
0 oS
= 0 2% 0164
NO Sy PORTS 0500 [0200
3 01% [o0232
1000|0262
1250 [o287
1500 030
17% 0329
2000 0343
22% |0357
?2 500 0367
2 7% 0372
3062 ulu_J

012%
oirs
oar
0259
0287
[FRILY
0syr
0 3%Y
0367
0373
0!!5-

= = 'oan
p—1
22 -
L]
3 THREAO
p e
|
| )
nzo'; Tep !
\ T
«
section. D-D

|

|




ONICN3e¢  uN3Juve ,

ST300M T3NNNL ONIM ACOBYILAV-HNOLNOD 40 €TIvi30 ONV SNOISNIWIQ

0€0 92w
OR0 | tid) 0180 PN »i 0 0027
TERT TSRS RS T O55T TRD L1}
Tie0 . 5095 VIR0 . 6088 PR -BEI-I 1]
323 [ w0 _ 0030 1S$0 0090
"Inu ﬂ!ﬂ ﬂ“na (21X} [$34:] g'o
% 14T i 0106, 0020, 0.0, 620
L2606 ¥ TR0 . 0290 2180, 2900
A L Ry X A X
-0 con Ov-0 300Mm 650 ¥ ‘9%-c ‘ivi-g
‘€21-0 '1v-C  $7300M
S3ILVYNIOYOOD HNOLINOD A00BH3LdV

34N9Id

S3HON' N SNOISNINID Ty 3.ON

0188 ¥9€ {0001 21 S 059 0190} 861-0

0189 »98 1 CO0ILEL S OS9 T69 O 961-0|

0189 »95 K 000! 2I8S 0SS 9 OMWO|Lvi-0

0188 1960 000! 2KS 09 0190| 201-0

€54 N2 1.uSe 2.Y,

0188 »9€1 000 2€% 059 019 of €210

387 C #C. NG Buwe
1.0 04 ‘Remia 'f On

0189 »9¢|—— 215 059 090 I1v-Q

387, 40 «04 WO Fiwow

247,35 on “tuwce U5 on . «9% 0199 $80(—— 21, 0se! 090[ ov-0
SINIAKOD w9 4 3 | S | 2 8| v |1300M
SMNOISN3WIG TIQOW D14103dS

3-3 NOI1D35 88 ~NoiLd3s V¥ Noizo3s V130 3SON LOlid IWNBIINI
$13S Z '§30v748 6290 or
1v73 800 0—
= [FFLN — .
- ,D_..m n«nﬂ:ﬂun -Q1= j/\u uf\.\ £
1441102
3 ,
. 4 teal) 2T
/ Mot 7 viQ se@mo—
.nhl\
vio 0§20 —

5 s140¢ S5

_ Gvu 01 Siw0e 2s/'s
7z \ v
_.lr.m / s \ \
1 \
T \ 290 0% b= )

- ] i S % x5 _t

. . n.ol.& _U ('vio) v
> 1
¥ K ¥ T o T [T
—

i i (e e .lq vi0 029 0 ¥I0 vy O— —a——

i r‘lrd

- Sc00- - ]

-54 -



L93mdN W gmOImMIMIC TV
¥3LiaV0Y TINNNL
ON/M GNY $7300m A3ABNS T3INNAL ONM 340 STHVLIO ONV SNOISNIWIO

i 34N914

% TITTA

o

¥-¥ MOI1338
T¥L36 3INCIISON

$.35 v $370m ®

ol

v
QVIum, wmS2
Sviwn. @ sNI00-

zg o
czv e

WILaVEY TINNAL ENTR

55T
CALRZEF H-9 NoIL3§ -8 NO.33s Y-y NOILIIS
a-g v 22 LR ey Tvild 3ISON L0l e “wNEILN
f1zvean $37°0= » v C S2900.
B S I T T soes—

\ e meaco @8 NOWDTE

naOmd ¥E 0. 50 VWS D
91Cm . vE VN e

—<o.

ve 240 - g _ vt
s -




INCHES

F-Y N

NCHES

ar

NCRES

ar

NC=ES

Ar

MOOEL  C-38 MOOEL C-38
0004 , ' ' ' . . 3 h . 0 0004 . d 5 . . 0 .
0002 f . . . . . P oo : . . . 0 . E
0,000 tUfy 000
0 v SRR T ®ooe 0
sa o Ps, - P,
0002 | o . f . . ' . . . . e, -0 002 . . . . . ' f
0004 o . ' 4 P -y A . -0004 . g . . . d .
0O 04 08 12 16 20 24 28 (32 36 40 02 03 04 03 06 07 08 0% 10
|
STAIC  poAt l'
MODEL € -39 MOOEL C-39
ownl . . . . " ' ' f f 0004 . . . f . 6
oooe ' « a0 ' ' ' 4 ' . 0002 . c g . 0
0 i < .” 0 8 s 0 ] D
omz} . ' . ' . ' . . ' . 000 . f . . . .
0004 i o 3 0o oy . 3 g 0004 : o
0O 04 08 12 16 20 24 28 32 36 40 02 03 04 035 06 07 08 09 10
STATC PONT (%
MOOEL € - 98 MODEL C-98
0004 . ' . ' . ' ' ' 0004 .
FIRST  MEASUREMENT
0002 N . . o & RECHECR MEASUREMENT . } 0002 3 m
; )
0 — _ i P -P _ - =
= . t 5 P o ——
“ ., P
-0002 . D c . . i N Af‘ . ‘ -0 02 ) o d 0
" oA s FROM  FIRST MEASUREMENT
-0004 . . 9 ‘ i [ f ) 0004 . . .
0 02 04 06 08 10 12 14 16 18 20 22 24 26 0 03 04 03 06 OT 08 093 10
STATKC .PGII L'
MODEL € - 134 MOOEL  C-134
0004 | . . . 0004 . .
0002 . . . . 0002 . .

0 — = ——— i —— o } T
00 . ' . . . . -0002 . . . f q o
0004 T I A T 0004 . : o B

04 08 12 16 20 24 28 (32 36 40 02 03 04 05 06 07 08 09 10
STATIC POAT I‘Z
OISTANCE OOWNSTREAM OF PITOT OPENING, X (INCHES] INDICATEORRMACH  [RUMBER ‘M,
FIGURE 12(A) FIGURE 12(8B)
DEVIATIONS OF ACTUAL RADIUS FROM APPROXIMATE  STATIC PRESSURE ERROR
DESIGN RADIUS FOR COMPENSATING CONTOURS INDUCED BY DIMENSIONAL VARIATIONS
FOR TYPE C MODELS FROM THE DESIGN CONTOURS OF
X+ 0 IS START OF COMPENSATING CONTOURS TYPE C MODELS
XL, IS ENO OF COMPENSATING CONTOURS Py, * PRESSURE SENSEO AT COMPENSATEO

-56-

[

INOICATED PRESSURE

STATIC PORTS

AT STATIC PORTS




INCHES

ar

INCHES

ar .

INCHES

ar

INCHES

er

INCHES

ar

MO0OEL 0- 40

0002 . 1 . . MODEL  D- 40
g 0002 . . 0 . . .
N .
0 i —_ .
. o
-0 002 P . . . . . R
) * "5‘/,2 Py .0 0@ o . . . = B . o
-0004 * o , LB : . 0 NRIT NEASLREMENT -5
Lk 4 BLCOMD WEASURCMENT -0 004 . . . . . ’ g .
= THIAD MEASURCMENT RO FMST  MEASURCMENT
- 0006 b '
-0006 . . i S ' o
2 4 6 08 10 12 14 16
G S 20 = 02 0Y 04 05 06 oOr o8 09 10
G [
NODEL D -102
0o - . .
MOOEL  D-102 0 p—
0004 . . o
-0002 0 . . 0 . .
0002 . . . .
-0 004 . . f . . . .
' P =
0 — e 51/S2
P, -0006 . . . 0 3 5
0002 - .
-0008 ‘. . . . . .
-0004 , J e g
02 0 02 04 06 08 10 12 14 16 -0010 f f f . . . .
%) L2
-0 02 i 5 . . . 5 .
02 03 04 925 06 07 08 09 10
MODEL D- 4) MODEL D- 41
0004 g . . g . 006 3 .
FIRST MEASUREMENT
0002 - . . o RECHECK MEASUREMENT 0004 . s ' . . . .
N Ak P FROM FIRST MEASUREMENT
—_— —_— —_— — JE— = 0002 f
g N L A g 75|/52 TRON  RECHECK MEASUREMINT
o . . P|
-0002 . . O O o e -—_ —
-0004 , . g o E . -0002 f g
-02 0 02 04 06 08 10 12 14 16 02 03 04 05 06 07 08 09 10
[ L2
MODEL D-123 MOOfL D 123
0004 . 0004 . . . o .
FROM FIRST WEASUREMENT
0002 - . . 0002 . FROM RECMECK MEASUREMENT
ey R
a O P - =
0 ——f 2,004 s — Si/S2 d .
FIRST MEASUREMENT P
-0002 . . + o RECHECK MEASUREMENT =0002 1 ! . . . ' .
o ' ' . . .
-0004 - ;- . AR P . 0004
-02 0 02 04 06 08 10 12 14 16 02 03 04 05 06 07 08 09 10
'
y Ly
MODEL D- 147 MODEL D 147
0004 . . - 0004 N . .
. ; = 0002 PRl B
gaval
at A
k) IR, R o gaee P5|/52-P ° . p— S
P, i
-0002 . . FIRST MEASUNEMENT . . -0 002 4 FROM FIRST MEASUREMENRT
+ RECHECK MEASUREMENT FROM RECHECK MEASUREMENT
-0 004 . : |

-0004 - [ ' 0 ' ' [
-02 0 02 04 06 08 10 12 14

6

02 03 04 05 06 07 08 09 10

4 Lz INOICATEO MACH NUMBER, M,
DISTANCE DOWNSTREAM OF STATIC PORTS, X {INCHES)
FIGURE  13(A) FIGURE  13(B)
APPROXIMATE ~ STATIC PRESSURE ERROR

DEVIATIONS OF ACTUAL RADIUS FROM
DESIGN RADIUS FOR COMPENSATING CONTOURS
OF TYPE D MODELS.

X+ 0 S LOCATION OF STATIC PORTS
Xe L, IS START OF COMPENSATING CONTOURS

INDUCED BY DIMENSIONAL VARIATIONS
FROM THE DESIGN CONTOUR OF
TYPE D MODELS.
Ps,/sp ° PRESSURE SENSED AT
XeLlp IS END OF COMPENSATING CONTOURS W32
COMPENSATEO PORTS
P, + INDICATED PRESSURE AT

STATIC PORTS

57~



ow
! | .
oo . 1] ' . |
RS & '. = ’ — -
| &5 o - A
oot} l} . I- A ﬁ oAl
{
ooz ' 1] I
| ! w i o
‘003 ' l i | ' l
|
004 ' : 1 1 . |
} 1 |
008 | I | !
03 os or os oY o
INDICATID  MAOH WUMBER M,
FIGURE 14{A)
SUBSONIC PERFORMANCE OF STATIC PORTS
ON SURVEY MODEL S-104.
a*0°
(XPUMMENTAL OATA  AFDC OME §OOT  THAMGONK
wOO(L  TuMMEL )
5, STATC PORTS
A 5, STATC PORIS
u Sy STATC POATS
oo
|
oo ‘ . ' ' 1
., v
v s KB
o g—-e Moy Mo —a -2 —HK »ej
SN N D R g =
oo . . v‘
ooz .
-a0s : .
-004 i {
008 i | |
[T} o6 o1 oe 09 1o
BNOCATEQ MACH NUMBER, M
FIGURE 15 (A)
SUBSONIC PERFORMANCE OF STATIC PORTS
ON SURVEY MODEL S-139.
a=0"
[EXPERIMENTAL DATA - AEDC OWE FOOT  TRANSOMIC
MODEL  TUMNEL)
VS STATK PORTS
~

v

5, STATIC POATS
Sy STATK PORTS

S, STATK PORTS

-58-

(7 (o

[

(sl [Folacor

oo ' 1 ! I
I mi0Te
P S N S S
Ao
o "
0o [ t .
oo i I
oo ]
l 0¥
oo —A=t v .
| 2= 4
oo i TR 5
|
o® I
oo 3 1 | +
CREE
00 . [} . l .
o,
. .
oo [
g .
1 ] . o
om o HE

o 2 4 6 8 w

ANGE OF ATTACK , w (CHGHIIS)

FIGURE  14(B)
ANGLE  OF ATTACK PERSORMANCE
OF STATIC PORTS ON SURVEY
MODEL  S-104
(EXVEMMENIAL DATA  AZDC Ot touT
TRANONIC  WONEL  TuwmiL
S, STATC  PORTS
A s, SIATC PORTS

u Sy SIATK PORTS

oo
[ u 1034
oo 'y Homm gy
°u|
oo
' urars
00— H Boe ~ h
ﬂml
o
I u,10%
LA ]
ol
oo 1
I u, 109
| £
ooma—=8 K A

ANGLE  OF ATTACK , o (DEGREES)

FIGURE 15(B)

ANGLE OF ATTACK PERFORMANCE
OF STATIC PORTS ON SURVEY
MODEL S-139
I XPERIMINTAL  DATA  ASDC ONL 1001
TRANSONIC  MODFL  TUNNIL }

S, STATK PORTS
57 STATIC POHTS
Sy STATC PORTS

S, STATK POHTS



$3w3s  .s3L  ONOI3IS
S3wW3s .53, Sws ¥

PTINNAL SNIM DNCSH3eNS (-3 2Q37 N SINY.ES  v.vs

€€ -5 “300A  .3fe™S NC S.uOe Du7iS 48 C3ISNIS  3unSS3ac
9 3unoy
os2¢™n

(209 3u"oa

SItES evelr o atey

e SunOus P =
¥
cogecy: oLl £ Feav oy
v . . :
arar  over o ree ) F ea S
. . . . =
2 S x: b s s E
13 |Fﬂ’|
B e—— b’ L a N =
= A : .-
-, 55
—_—— "o % -
g
- - - R Iy
- - s (oS ook
T — i z : @9 3w
S B " E g Swco
H e -t 5 J
] - xs - g Lo e
- et
SeeET ey ur avoer
t - = s —_— .
: . . :
- we P ™
- -
S e
=
e
TR ¢ '
o =L .
S Jurog - e
—_— e IR
Il VY £ ety Lo
B . . :
: s
X0 5 Lo IS I N M
. . . : a cwet
i 2 : e e M e = Sy «"n
o sb/ v R < a. e ¥ 8 3w
~ - v :
= At L O
- uu- - e e we
- 3 s e 3 . .
N - - k]
; - e . .
- - - - ze 3
T ¢
2 . {w ¥ ] 5
Sl R SR
»
» 13 N §
- - I = Q H e A :
7 x 4 D
~ Sv—_, 0. Po~gme e
v
§— - ixa - —— %
v
= A " = ) - . I oee . .
H [N
- - - Jf .. S
. P e

ony
T . . g
- ~ ez
— & 2 —— ¢ -,
i R DR
v - - -=s *T°
- - vz
w<:
3 o v
= - - Ty

(LT A A Sl

.
= vz
P
3 = z T e
L P
fex
s Py
b -
Z - - ®ree S
o

LTI e

-59-



002 ] )
ool |- .
2%
0
-00! .
-002 . . .
5 §
- Pa -003
Pa
-004
-0.0% s
-006
-007
-0.08 ! . g s % !
10 18 20 28 30 38 40
TRUE MACH NUMBER, M,
FIGURE 17 (A)
SUPERSONIC PERFORMANCE OF S, STATIC PORTS ON SURVEY
MODEL S-104.
«=0°
EXPERIMENTAL OATA: (AEOC E-I SUPERSONIC WINO TUNNEL)
ol4 - )
ol
¥ Ma?30
o.l10 . 7 Ma¥40
0.08 !
006 “/
(PSZ) a- (PSZ) a0’ 0e4 . ' H
P /
0.02 . o
08 i /./ i Maz145
-0.02 It '/ ~
£ .
-004 - H 1
| |
! ! J
0 4 8 12

ANGLE OF ATTACK, o (OEGREES)

FIGURE 17(B)
ANGLE OF ATTACK PERFORMANCE
OF S, STATIC PORTS ON SURVEY

MODEL S -104.
EXPERIMENTAL  DATA :
(AEOC E-I SUPERSONIC WINO TUNNEL )

-60-




-
K

’|

o o
. g . . 5 o . -
|
. = . . . . . .4 S
. . . . . . v,y . ] .
a0 .
e . . g R . R
. . . . . sy g
" f
o . . g . s
i
oe . . . . . o & . o . . . = ath? PR
- . . . . . . =l o
l
o . . . ™ . .
0
oo . . . o o'y
el . .
e . . . . . 14 . . “ o e e e e

e wa— e . A -
[V TR .
nmsons of 1 ateTc somty on wootL ¢ 30 etk roery el ™ atiace srevieMen v
w0 v oaterc men ’
(iremiota M o
T s mt temiomt wewy et s ot e
I—ra <. 0
- . o
. ] o " .
A o 5 . . - - g . -
0 .
. f . a . . . . 3
oo . c . . o . ' .
. . . " o L. =
e . " . " A
. . . . . sou e :
oo . . . . or) 2
. . oot
voss . o . . ‘ . .
o c. . o .
. . . ah P
N ol “
o v o N o . o . ’ " . . L .
e sice wems w . . ——r s e
o e (RTINS rem e
SN MmOMUANCE X 3 STATE WMTS o MO (Y LPLRIONK MetoRuaNCt ¥ 1 « coery ONGUE 01 aTTACs MMPUSWemCE 4 % ATelic
o wootL ¢ de ol
et ba .
CoANMPT 0 st Termiow Timari)
-srrea ot Tom
sor ' o
oo . 4 . f . d on ee
° . . . ‘ = 5 ] o I
et . Coee . i oot |
g -~ oot
e . . . oG . . oos oo
I
“ae J ’ . . o B I o ° — — oiim
|
.o d | . ] 0 ' 3 . n . o
oo
“os g g . . . . oot
° e . -
:
oor d . . . . . { ° e
. 5 ' . . 1 oos so
|
e
. . . ' . . . o . . o P -
on o1 o o ° o1 o . " o “ “ CERTIRTI
o win e w o e weme e o atiace onem
UM 70t rieunt 20004 Couer i,
IUMIMC MATOMMANCE  OF 3, StIK PORTI ON MODIL C %8 IUHOIMIC  sLNTORMARCE O1 3 STAIC  PosTS Ot 0r ertace Mencamana o
.0’ PR S, AIC eTy 0wl C e
T TSN " o 100t
(MR ot tear temmomc  wondi  Tummts Srasoes —_—
Ionrtea  Paiocion —

~-61-~




~oner

LYCReT)

o o
~

o4

. ! | s 0 |
L4
- TAMGINT O ( WOX (W0SE) ' 1 .
PRABOUC - ARC X IC 98] o + . ) . . e
-] ~ *
| -
= e A % ooy ‘ g . 5 D 3
0 0ers‘tA AT -~ b LR
-k MISURL FORT ' -
The— 4 omo| 1 ' . - ' .
=z | i
v l =
1
' nmaj - * f
b o0 da 42 e o da e Le | , 3 : ]
DISTANCE PROM NOSE BN i <,“ | | i
° [ | i |
FIGURE 21 ars o» 0% 040 0.43 0350 033 V&0 o:s oro as
COMPAKISON OF NOSE SHAPES OF NEC MOOEL C 90 T
AND B35E COMPENSATED PITOT STATIC TUBES, FIGURE 22
STATIC PONTS ARE LOCATED AT X+ 1.BGD" FON THE STATIC PRESSURE CHANGE INDUCED 8Y CHANGING THE SIZE OF THE SUBSONIC
835 ANO AT X+1 849" FOR ML C-98 STATIC PORTS ON A MOOCL B35E€
STATIC. PORTS ARE LOCATEO * 33 FROM THE VENTRAL PLANE Of
THE TUBE
STATIC PORT MAMETER + 0 0623°
STATIC PORT OIAMETER +0.020°
Pa e PRESSURE SENSFO AT STATIC POHTS
P, * REFERENCE PRESSURE FROM FLUSH WINO TUNNEL WALL TAP
a = ANGLE OF ATTACK
40 00, ) 1 1 ' 1 ) » 000
*0.008; . + . . * 00O
+0008! . ' I | Y + 0008,
) [T I )
mun} ‘ (.m-o.rl t | p +0.007l g =
' | .
+000€. H | g . +0.008 .
|
| d
+0 008} i i f . 10008
“wior
o P 004l ' i . . . Poy Poy 4 0.004: . N
’, o ’, L
'} ‘ (l‘n-a.'u | - o N y Me0B
+0DaC. 4 . . 0.003 N
i 1N o« W2l
[ ' L
r0002| | i : . +0.002)
[ .
| | PR | I =03
+ 000> 3 -0 ¢ o v 0001 .
! ' : i h .
o| , | ° N
| . - g 5 ' L
! W
| i
uuul i . B 0.001
0 002| i l . | 0.002}
| )
e L (A I a5 B s .
? 0 2 4 18 e 10 -4 -2 L INT BT ST Y
ANGLE OF ATTACK OFQOREES ANGCE] OF AV TACK, 0 LS|
FIGURE 23(A) FIGURE 23(B)

STATIC PORTS LOCATEO *43 3° FROM THE

STATIC PORTS LOCATEO *33* FROM THE VENTRAL
VENTRAL PLANE OF THE TUBE

PLANE OF THE TUSE

FIGURE 23

PRESSURE INCREASE AT STATIC PORTS OF A MODEL BSSE WHEN THE FORWARO
PORTION OF THF FULL TANGENT OGIVE NOSE IS CUT OFF TO MAKE A PITOT
OPENNG,

P31 » PRESSURE SENSEO AT STATIC PORTS OF BOOY WITH PITOT OPENING .
P PRESSURE SENSEOQ AT STATIC PORTS OF BOOY WITH COMPLETE TANGENT OGIVE NOSE
P, *REFERENCE PRESSURE FROM FLUSH WINO TUNNEL WALL TAP,

~B9=




T CSTRIZY 40 Toay
T The SwISIe AT 42 TONY DL 04 -0 wls
- EIVLLY S0 JOwv

» s ERIZ% as 42 TENT e L33 wos
[S-1-EX. B INMEILNTD  TVILEIA Il MOHS
«92% 03ITVS0  LHOd HOVI ' 3ENL IHL S0
MOLIOB 3HL NO ONY QL 3HL NO  QILVOO
S18O< DUUVIS 3 GEF  1300M 038 MO
<@MS30IS 40 379NY ONY XOVALY 40 3IONY
O3NEM0D 0L 3N0 BOMYI 3WNSS3Hd ALVLS

42 3mnois

EIINT2S 2 EmICIN w40 Tewy

BO0em v X33O WS Mwdw R

3NMY3ILNID

TYNLYZA  3IHL WNOHA 923 O03DVISIA  LHOd

WO¥3 " 3ENL 3HL 40 WOLL08 3IML NO

QNY a0l 3HL NO Q3LVI0 SiHOd

YIS 3 6C9 I3T0AW I3d HQ3 XOVLILY IO

37ONY 0. 3N0 HOW¥3 3¥NSS3Hd JUVLS
&2 3oy

IWTIT VLY £ Tony

B . . B ]
< : ke
= - pr-m =
L y Fe-m -
. ..—_13-3 T v iy B,

S em oy w3303 Yl¥T Ntwdw L
3NMYILNID  TVIILH3IA  3IHL  WOuS 2=
Q30VWSI0 1¥Od HOV3 '3BNL 3IHL 40 WOLLO8
3HL NO QNV dOL 3HL NO 03LvON
SLHOd DJILV.iS "3 CC8 300K I3y  HO4 drs3qis
40 FONVY 0L 3N HOEH3 3IHNSS3Nd  JILVIS
92 3unSis

$I36cIC ¥ CeTSITE A TOONY

oe e [N ve e °

‘s
——— —— 1000 O !5 ] Ay

—————————— b00 0~

~ ——— vo00-

————— 300 -

. Twe

TINNTLINW WEFSa mGes JumSSTwe  DNZedadw o ‘e

w0« D.Y.E 4@ JISNIS JersSEIoe o 5

(SO+W) >oviiv 4Q

FIONV A8 Q3IONAN! 3IONVKD 3IYNSSId ALvLS

NO SiHOd DILViS 3 GEE 300N 23y 40

NOLLYIOT 3TONY  3ON3¥I4WNOHD 40 1I3443
LE- S Clp>

$33W0IT. T aOVLLY 4 Trmy

o : . . : ° : LR N B
2 eca- 8

IR

-63 -




000 O e G o
0004 v 4 e TR )
0003 . . . ) . . r LI .
0002 . . f . , . . Vg
.
000 + . . . . . O
R
O S e e e e —
’, R 27, . A R
@001 ¢ ol veem®
.20 .
.80
)02 . e . . . .
Lo ceeyry
s
0003 » . sorse 28, .
el STATIC AT
.00%4 . |n:on \ R
0003 . ¢+ :

AMAL OF  ATTACR | o IDEGREES)
0008 1 S
0008+ + 4+ s e B
. w2yt
0004 -+ - . T e
0002 .o BRI .
1 ey - ;
('] . .. Ls).‘a).-u_
slaco [ e WL S - s,
p1 . "
P
0002+ o+ . 47 R SrEsis
o004 | ¢+ ¥ S iGuRE 28001, . .
SNGLE 3TATIC PORT
o008 it - .+ . . M08 e
.
-0006 ! . . . . 3 . . ol o
‘0 -8 -6 -4 -2 0 2 4 6 8 0 2
ANGLE O ATTACK , o IDEGAEES)
0008
c0.0"
0004 . . . g . . . .
0 — v - e i . . . -
l'a’..' ’s}.-n‘ <, .
Pe -0004 - °* . ’ ' 5 s o . ¥,
* .
<0008 . s B fiGuRE 28(€) .
SNGLE STATIC PORT ¢ o oo
00z« e . weost 4 :
s 8090

L0016 - . ] . d i | i
0 -6 6 -4 -2 0 2 4 6 B8 0 1

ANGLE OF ATTACK , a (DEGREES)

oo ' ' . .

\ 023

teezet
.

| N DT

oo e .
TG 20101 e
DUAME TRICALLY  UFYUSLO LOUA

STATC PNty
w08
-0003 0

0 2z 4 & 8 ©

ANGE O ATTAOY | o lDXUALLS)

1 .
| .
0001 Cote et
See26°
0002 S A
FIGURE 26101
OVME THICALLY OFPOSLO .
caears
STATC  PORTS
) meo6r |
o 2 . . n 0
ANGLE OF ATTACK . a (OPGREES)
0002 \BC o
O, Mg~ B 850
0002 . L
-0004 B— *
-0008 I
-0008 L )
|
=0910 nouRE 260y |
DUMETRICALLY  OPPOSEQ
T00Z 1 sratc ports ' b 090"
M.03)
0014 (R

2 4 € L] 0

ANGLE OF ATTACK , o ( DESREES)

FIGURE 28
EFFECTS OF CIRCUMFERENTIAL ANGLE LOCATION OF STATIC PORTS ON STATIC
PRESSUME CHANGE INDUCED BY ANGLE OF ATTACK
(MA-1 PITOT STATIC TUBE)

00623 ° STATIC PORT

) SINGLE  STATIC PORT )

-64 -

g

’
-9
i
v

{OUMETRICALLY OPPOSED STATIC PORTS |




ooz . . o
oo . . . . . . . o . .
° 014 .
oo . .« . . . o) . 0
“
ooz b . .~ . B 00t 5 .
00y | . . - - Vw5 coet
004 ) . . . . W e .
00y . . . . . 004} . .
aos . . . . . . . ooz | .
4 a
oor . . . . . . op—— - —— .
bl
ooe . . . . . . . ooz . . .
c
oo . . . . . . uull .
010 . . oost
o3 04 os os or os oy X 10 3 : iy s
HOKATED MACH NUMBEN . W, ML MACK WWRER ug
FIGURE  29(A} FIGURE  29(B)
SUBSONIC PERFORMANCE OF 5, PORTS ON MODEL C-134 SUPERSONIC PERFORMANCE OF S STATK
g PORTS ON MODEL C-i34
a0

a0

EawEaTA (ATA

ENFRMENTAL  DATA

JAEDC ONE FODT  TRANSOWC  MOOEL  TUNNEL
L NT TRANSONC WL Tt
THORETCA  PREDRCTION R {
S TAEDC D SUPERSONIC  minD M LTH

THEOMETICAL  PREDICTON

“n
| T
0 e - =
oo,
wiose
ool
° = N o
| =
oo e < - =
oot e n I
d
o . +* . - . o
002} '
[ °, |
ORI 3
5o a0 on’
wiow Se
- 003
.
a0z usie =g
oo
“toe
" s S 0o S =
i weio
ool om
0 42 sa s a8 s e
002

ANGLE OF ATTACK, o IDEGREES)
LT A T

AMGE OF ATTALS e UEGMIEY

FIGURE 29(C)

ANGLE OF ATTACK PERFORMANCE OF S, STATIC PORTS ON MODEL C-134
CXPERIVENTAL DATA JAIDC ONE FOOT TRAMSONIC MOOEL TUNNEL)
EXPERIMENTAL  DATA (AFDC £ I SUPERSONIC  TUMNEL )

-65-




| "
¢ '
v - R
L B w— . * 5§ & A - - . . . . .
LA
- o ]
1 <
. . o
o
‘. . . - » ? Al : s "
NKANE A wamis W car Mk wans w,
FIGURE 30 1(A) FIGURE  30(8)
SUBSONIC PERFORMAMCE OF S, AND S, FORTS ON SUPERSONIC PERFORMANCE OF S,
TEST MOOELS C- 38, (-3 C-98, AND C-134 PORTS ON MODEL € 134
a0 0t
3, mes 0 w0t WAL O UT TRANSOMC WXRL Tl LartseMNTAL  DAYA AIDC E 1 WPNLONK  Tusedt] )
'AI ATS WOt COIY L ANALY 8 T0O) TRANS(RC  TUNNLG
S, NATS O MG C W (ALK OME 001 TRANIONC WOCEL TUMML
A LR LS 1Y R AEDC (Wt 00T THANIOMIC NOOEL  TUNMEL
L UNTY OfF WOC4L CIACAIDS OME FOU) TRANS(NWC  MODEL TusnlL
w
o R — 5
” !
' £
“ton
R Ll S mE B o B ..
! "
oo
“ o
I .
oo
) o e !
| weon Sew S |
iy 2 o B [ IS el Bl B B E e
"
. | wo
N
" ! g A Dete
2 3 : (07 % PR O WX e 0 ot e
yooo- A= LI "
o wrea
ool ot o o aRemy
_ -
e ~ 8
. oo . .
oo
-002 . . .
oo
- 10
B ATEOLY .
a2 S A
00 ANGLE ARG LG
4 ? 2 4 3 L] 0 7 “
ANGL] OF ATTACK  a (DEGHEES
FIGURE  30(C)
ANGLE OF ATTACK PERFORMANCE OF S, AND S, STATIC PORTS
ON MODELS C-38, C-39, C-98, AND C-134
SUBSONIC AND  THANSOMIC DATA
S? POHTS OF MODEL C- 38 AEDC ONE FOCT  “RANSOMIC MODEL  TUhNE
S? PORTS OF WODEL C 39 ANGLEY 8 #7007  TRAMSONIC VUNMEL
SI PORTS OF MODEL (-98 (AEDC ONE FOOT  THANSOMIC WODEL TUNNEL
s, PORTS OF MODEL C 98 'AEDC ONE FDOT TRANSONKC WOOLL  TUNNEC )
5? PORTS Of MODEL C 134 (AEDC ONE FOOT THANSONIC MODEL  TUWNELT

-66-




-0 0

-0 02

' -003 :

-0 04

-003

-0.08 '

-007

-008 .

~008

-0.10 2
03 04

- {A)

[(3}

o

13}

. [ i 1 4
03 06 or o8 09 10

INOICATEO  MACH NUMBER , M,

FIGURE 31
THEDRETICAL  PREDICTION DF COMPENSATION OF
S,/ S, STATIC PORTS
ON MODELS D-4l, D-123, D-147, ANO 0-159
a:=D°
(A)  POSITIVE PRESSURE INDUCED BY REAR ADAPTER TAPERS
(B)  NEGATIVE PRESSURE INDUCED BY PITOT OPENING
(C)  NEGATIVE PRESSURE INDUCED BY 0.72° FORWARD TAPER
(D) NEGATIVE PRESSURE INDUCED BY COMPENSATING AFTERBDDY CONTOUR
(E)  TOTAL COMPENSATIDN OF S,/S, STATIC PORTS,

SUMMATION DF CURVES (A), (B),(C), AND (D)

—67-



(Bl Pl

3

oot . . . . . . . . .
o
o
~001 . . o . . . . ] R
\ o
) . . . . . C e g
o
e ) . . . . .
” Ll
Mha a “ . .
sl =504 . . . . .
-003 . . . . .
°
-008 . . . . . . . .
-007 . . ) . . . . . .
-0080 . . . . . . . . .
008 0 0 g o . g . 0 d
%ol . . i . |
oy 04 0s os or 08 o9 10 (N} 12

INDXCATEQ MACH NUMBEM | M,

FIGURE 32(A)
SUBSONIC PERFORMANCE OF 5,/S, STATIC PORTS ON MODEL D-40

a*0
EXPERIMENTAL DATA (LAMGLEY 8 FOOT TRANSONIC TUNNEL)
===~ THEORETICAL PREDICTION

oo o ) ;B . 003 "
, M, 1040 M 1093 o
00— - o ° oo 002 . .
I o
001 e e oo - - e e e
0o | S SO W -
oot. . ; 8, I
| M, 9080 -00
20 —_—e e
| o o )
001 . A T 004 ) . i, 1100
LA a
003 3 { .. PR I
o . n, f noHM_TI20
I M, 1080 ooz d | . R N
00 5 = 55 ! ]
I oo s - | .
gz m . e
0 —
ool ool . e
l M, 1090 o - o
° e Tt O] 002 A . . . . . ‘ ‘
001 | ~003 i 2 E
-4 -2 o 2 4 6 ) L ” 4 -4 2 o 2 4 6 8 w0 ” it
ANGLE Of ATTACK , o (DEGREFS) ANGLE OF ATTACX , o {DEGREES)

FIGURE  32(8)

ANGLE OF ATTACK PERFORMANCE OF §,/S; STATIC PORTS ON MODEL D-40
(EXPERIMENTAL DATA - LANGLEY 8 FOOT TRANSONIC TUNNEL )

-68-




e =
oo . . ' . . .
ooz N . .

N
oy g . . . f .
%

004 . . .

008 0 . . . P
0oe . . . . , . .

v 0

oor A b ' h ' N g

\\

008 . . . . . i) .
oce g b . . :

—010 . z . . a

03 04 os oe or os 09 10
INDCATEO MACH  NUMBER , M,
FIGURE  33(A}
SUBSONIC PERFDRMANCE OF S,/S, STATIC PORTS
ON MODEL D-102
a 0"
EXPERIMENTAL  DATA
(AEDC ONE FOOT TRANSONIC WOOEL TUMNEL)
- - - TMEORETICAL  PRETITTION
002 ) .
oo . . .
°
oo . .

002 .

003 . 0 .

004 . .
cos o . . g .

006 . . . 3 ]

03 04 03 06 or os 09 10

INOICATEO  MACH NUMBER , M,

FIGURE 33(C}
SUBSONIC PERFORMANCE OF S, STATIC PORTS ON
MODEL D -102
o 0"
EXPERIMENTAL  DATA

(AEDC ONE FOOT TRANSONIC MODEL  TUNNEL )

-69 -

(e ) - (P, .
Sylo (s_,.,.g
’

oo . . B
‘ PRTI
——— et e g
w100
003
M 1093
ooz f .
oo . e
o . e e
001

ANGLE  OF ATTACK , o (D(GREES)

FIGURE  33(8)
ANGLE OF ATTACK PERFORMANCE
OF S/S, STATIC PORTS ON
MODEL D - 102

TEXPERIMENTAL  DATA - AEDC ONI 100

TRANSONIC  MODEL  TUNNEL )

oo
l CIEEULY
2 . . . .
nml
I,
Moo
a - -
|
oo b
oo
I M 109y
0 ¢ e——— . - . ~
,_,,,l .
o ? . [y L] L

ANGIE OF  RTTACK | o (DEGRELS)

FIGURE  33(D}
ANGLE OF ATTACK PERFORMANCE
OF Sy STATIC PORTS ON MODEL
D- 102
EXPERIMENTAL  CATA - AEDL OWE FOOT
TRANGONIC MODEL  THNNEL )




o

LR
vt
ANt OF

”n 5 . s . . '
a1 Mk sts
FGURE 8474
SUHSONIC  PERFOAMANCE  OF  5./S, STATC PORTS ON MOOELS
D Al D-123, AND D147
a0
e s
WL D4 et e et eaay e Tuaad
GHL D4 A m e eansae wE4L Cant
CWNH D UY A oM Kot teasscex MLl TLamE
w04 e s wte toaat
T I TR
STATC RSN (Rmes 4T 1. 2y w3 Amtar OF
w ot noaue
ol
“
o . "
, i "
B
n ¥ S
™
m |
. .
. : i ' I B
[P
FaRE ATy
SUIEHGONK L HE ORMANG E 4 GTATIC BOHTT O MODEL
DRy, 0 wr,. anl 54
ot e
N ' R
e oar C e e
ety 1 e 11 ueieee aw et
were
. o s
w )
weon , ) h
|
v
“
" . e N Lo
v
i -} . vt
- .
o . e
B R 2
v o .
] .
oy
a
e oG-I
e e 0 2 o
It A e e
dOATAe e DEGRILS
FIGLRE 341
ATTACY  PERFORMAN oF Star HART G WOUELS L4 ANG L 28
Do et
NOML LA diamals R e haml ket
word L U N woe Tt
NOAL G @Y arte oWt ckaiar wll .
Ll s L3 LU B O R L Y




TNNTL mOSaa D) i mcsesees
TN 0m uNotawa. .00s dec 3c1v  seneees
VI Soieeiod
L3 +300n NO
S-80a owis %5 40 oNwmEOsdde vaviiv 4o EREIN
Laieg 3unou
Bhata 0 aveiy o yeoae
P
£10650¢ = el s vy
. I c
o
<5
<
srema - ’IIIM.||."
° s
nn‘ 0o Oe0 s - nmt
¢ o — - I
oo D o osm =~
i v | =0
e lee _ !
: [ —
I
I
® ¢ 10m
im-a 1300m o vac0m
£ 3 vioom 2 1 v200m v
BN Ive xwotelt b xm v teoeamenses M OoR xwosevaL Lous i xom. VIR Wimdniesens
.0 o
6F110 0NV um-0 20 s13d0m N siwo 440 ONY €21-0 $1300m O
MvLS %S 40 IWvwHOsuId  OINOSmIans $L80d 2vis %S 40 3onvmsoswds awosans
(3)65 3Junog Q%% 3uno1g
“n NIRRON wTYm u, MO EIRON WOYR g3 vean:
or o o o oz ‘ B o . . o " o
A . " 3
E . F . 5 @0 { o
[ : .
A i <o - s cor L&
LN N
—_— —_— —
. . . 3 o . e




ool ==
H
oo e fh— =T B s,
I 1w v0ss 0 O~srem—y\; . ‘
. | o e
S \ .
- 5 = J
l 0o T Y owans
00 . 4 + i i .
-002 + ' ‘ 3 t
ool T \.
l w5078 | :
-0 03 [ N\ ¢
° .
f <
l -0.04 . 0 -+ - +
p " 00l s (,. ) .(p /s ) .ot b M2
(ssszla Pssela e 0oy - - T SifSj)e | GiAgleTer I S ]
— I Mro%0 ra .
a g0 . \
3 “ -0 08 : q 1 bt | 4
I ERRTT
- . 0 . b . “ 1
09 007 R
ool N L . ey ' \
l M; 3093 ! i
o & e | -0.08 L R
l I | ! h MI20
|
-009 .
-00! . . 1 . J l t i l {
0 12 14 16 238 20 2 |
o O O
ANGLE OF ATTACK, o {DEGREES) 0 t2 24 28 2§ 20 22
ANGLE OF ATTACK, o {DEGREES)

FIGURE 35(A)

ANGLE OF ATTACK PERFORMANCE OF S|/82 STATIC PORTS ON MODEL D-147.
EXPERIMENTAL _DATA
SUBSONIC (AEDC ONE FOOT TRANSONIC MOOEL TUNNEL )

SUPERSONIC {AEOC E-1 SUPERSONIC TUNNEL)

° 2 ‘.
M, 7053 ° el | i
S 9 O MLTIS
. . -00 L . + +
)
. . i i
-0.02 voon }
. e | i I {i
M 7073 0
P | ~[P -003 f 5 vt
—.,—“_"—" (Ss)a(ss)a-o'
i ') Pa
-004 i ‘ y + \ X
| Vo
. . . . ~ |
-005 § . 3 .
M, 1090 i LtME2s
 —_— . =" |
-006 i | . '
-007 . ] . } .
' i v Mg ¥30
M, 7095 ] ]
-008 . | [
B iL_g
i . -009 . { . ‘ '
a . h A A Y
2 t4 6 B 0 212 | | oM, 20
-°|° 4 i ) 1 2
ANGLE OF ATTACK, o {OEGREES) 0O 2 x4 +§ 28 %10 22
ANGLE OF ATTACK, o (DEGREES)
FIGURE  35(B)

ANGLE OF ATTACK PERFORMANCE OF S3 STATIC PORTS ON MODEL 0-147.

_E_X_PENMENYAL _OATA
SUBSONIC {AEDC ONE FOOT TRANSONIC MOOEL TUNNEL})

SUPERSONIC {AEOC E-1 SUPERSONIC TUNNEL)

_792-




P/sle Pays)acot

oo . .
0 0 0 . - u . .
a
00 ) f,
&
. . i
0w a i)
VY [N 299 a
LN
004 .
003 X
008 . A
vor . .
o8 + .
009 . . . .
010 .
o (X ) 20 28 30 18 40
THUL  MACH wMABIR . U,
FIGURE  36(A)
SUPERSONIC PERFORMANCE OF SI/S: STATIC PORTS ON
MOOELS 0-158 ANO 0-159
a0
EXMERIMENTAL  RESWLTS  (AEGC E-1 SUPERSONIC WIND  TUWNEL )
» MOOEL D138
A MODEL D-1%9
00z 002 o .
q 3
LY e S —
=y 3 RITY
00z ' ol C
iy N
004 B . . 004 . o .
\
006 t N (MoR20) 006 . . . f .
M_ 2% L Mett0
N [ | - (n, " Lu 20
' Sunso Povsale Parselezer ) - E - @ - Sogh
o0 4 g 010 . m W
012 . . -0 . N .
A
-014 . . . . [N} . . . . .
-018 . . B . . TS . ' . . . B
M t40
-o18 P -0 A R T O
-020 - N Smn -020 S
LM 140
!
—022 022 LTI .

0 12 14 15 g 30 02
ANOLE OF ATTACK, o (DEGREES)

FIGURE  36(B)
ANGLE OF ATTACK PERFORMANCE
OF §,/S, PORTS ON MOOEL 0-158

EXPERIMENTAL  DATA
(AEDC E-1 SUPERSONKC WINO TUNNEL)

0 12 14 a6 18 10 2

ANGLE OF ATTACK , o (DEGREES)

FIGURE  36(C)
ANGLE OF ATTACK PERFORMANCE
OF S,/S, PORTS ON MOOEL 0-I59

EXPERMENTAL  DATA
(AEDC E-1 SUPERSONIC WINO TVUNNEL )

-73-




ooz e‘ 1
o ‘ . . a .
a o |
o fp—r — q —
i} -
oo ‘ i . Q'. . n
L 4
ow . 1 £ .
N e '
2 LS ooy . . . l} K
&
oo4 . ‘ .
oos . . . . ‘
oo . .
}
oar . . ' '
|
ooa . . . |
o0 . . . 1t .
010 4
0 " 10 28 0 38 <0
VA MACH  WUMBER M,
FIGURE  37(A)
SUPERSONIC  PERFORMANCE OF S3 STATIC PORTS ON
MOOELS D-158 ANO D-159
a0’
CIr{RMINTAL  DATA 1AIDC [ | SUPERSONX WINO TUNNEL )
WOOLL 0158
wooEL  0- 199
004 00e
002 . i 002 .
00w, S VI ITY 0 ———— —— - A
00z 1 B 00z .
- T30 004 . g
P, - [P, A
006 . fale _1Byruro 006 .
. N M 20
oos . " 128 208 TS
SMT2Y
0w . . o1 . . . . Mov7
012 012
Mo 'e
ow| . . 014
016 . . . ~016
Mg 40
0 . JEE | ol .
020 o020
0 t2 ta 14 8 o te 0 t2 14 g e 1o +2
ANGLE OF ATTACK, o (DEGREES) ANGLE OF ATTACK, a [DEGREES)
FIGURE 37(8) FIGURE  37(C)
ANGLE OF ATTACK PERFORMANCE ANGLE OF ATTACK PERFORMANCE
OF Sy, PORTS ON MOOEL 0-158 OF Sy PORTS ON MOOEL 0-159
FXPERIMENTAL  DATA [XPERIMENTAL  DATA
TAEDC [-1 SUPCRSONIC WWO TURNEL) (ALDC [ 1 SUPERSONC WIND TUMNLL)

74—




